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PREFACE. 


The  reader  who  has  perused  the  early  sheets  of  this  Tolume  daring  their 
course  of  pnhlication  in  the  "  Cibclb  of  the  Sciences,"  will  have  remarked 
the  circumstance  of  their  anonymous  character,  notwithstanding  that  the 
other  hranches  of  science  have  appeared  in  the  same  publication  with  the 
authors'  names  attached.    The  explanation  is  as  follows  :— 

In  the  year  1852, 1  was  commissioned  to  re-edit  the  last  edition  of  the  late 
Dr.  Henry's  Treatise  on  Chemistry,  published  nearly  thirty  years  since,  retaining 
such  parts  of  that  celebrated  work  as  might  be  accordant  with  our  present  state 
of  chemical  knowledge,  and  remodelling  what  had  become  old  and  out  of  date. 
With  this  object  in  view,  I  had  nearly  completed  the  imponderable  agents, 
when  circumstances  rendered  it  desirable  that  the  original  intention  should  be 
abandoned,  and  that  the  sheets  already  prepared  should  appear  in  a  serial 
form  in  the  *'  Circle  of  the  Sciences."  I  readily  acceded  to  this  proposition ; 
but  the  acquiescence  entailed  a  minor  difficulty,  which  the  preface  alone  could 
satisfactorily  explain.  Although  the  portion  concerning  light  was  entirely 
original,  and  the  sections  on  electricity  and  its  collaterals  very  nearly  so,  I 
could  not  with  any  propriety  call  the  treatise  mine  without  incurring  the 
charge  of  plagiarism ;  and  to  have  denominated  it  a  new  edition  of  Henry's 
Elements,  seeing  the  extensive  alterations  which  had  been  made,  would 
scarcely  have  been  more  appropriate ;  hence,  in  the  opinion  of  all  concerned, 
the  decision  of  allowing  the  sheets  to  appear  anonymously  was  thought 
desirable.  Mature  consideration  of  the  facts  of  the  case  have  satisfied  me 
that  the  course  adopted  was,  under  the  circunistances,  preferable  to  any 
other. 

The  merits  of  Dr.  Henry  as  a  chemist  are  especially  recogniz- 
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able  in  his  investigations  on  gases ;  and  by  a  peculiarity  in  the  arrangement  of 
his  work,  the  general  philosophy  of  gases  is  described  under  the  head  of  heat. 
Now,  it  so  happens  that  this  portion  of  chemical  science  has  undergone,  subse- 
quently to  the  time  of  Dr.  Henry,  a  .less  amount  of  fundamental  change  than 
any  other;— the  investigations  of  chemists  since  that  time,  relative  to  this 
portion  of  science,  having  been  merely  the  amplification  of  what  he  so  success- 
fully began :  hence  the  retention  of  this  portion  of  his  treatise  would  have 
enhanced  the  value  of  any  chemical  book  whatever.  I  regard  it,  therefore, 
advantageous  to  the  interests  of  the  present  publication  that  circumstances 
have  enabled  me  to  preserve  it  almost  intact. 

As  regards  the  second  portion  of  the  volume,  or  that  relating  to  the 
chemical  elements  and  their  inorganic  combinations,  I  am  wholly  responsible ; 
and  I  trust  that — although  the  space  at  my  disposal  has  been  circumscribed — 
no  considerable  matter  of  interest  or  importance  will  have  been  omitted. 

Produced  in  the  serial  form,  hurriedly  and  at  intervals,  as  this  volume  has 
been,  some  inaccuracies  have  necessarily  crept  in ;  yet  not  of  greater  import- 
ance, or  in  greater  number,  I  am  disposed  to  believe,  than  may  be  usually 
discovered  in  first  editions  of  scientific  works.  Those  already  noticed  will  be 
seen  in  an  appended  slip  of  errata  and  corrigenda, 

J.  SCOFFERN,  M.B.,  Lond. 
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TJie  smaller  Dooies,  also,  tnat  are  iinaer  our  more  immediate  oDserratioiiy  are  inlluencecL 
by  the  same  power,  and  fall  to  the  earth's  surface,  when  not  prevented  bytiie  interference 
of  other  forces.  From  these  facts,  the  existence  of  a  property  has  been  inferred,  which 
has  been  called  attraction^  or,  more  specifically,  the  attraction  of  gravitation.  Its 
nature  is  entirely  unkaown  to  us;  but  some  of  its  laws  have  been  investigated,  and 
successfully  applied  to  the  explanation  of  phenomena.  Of  these  laws,  the  most  impor- 
tant are,  that  the  force  of  gravity  acts  on  bodies  directly  in  proportion  to  the  quantity 
of  matter  in  each ;  and  that  it  decreases  in  the  reciprocal  proportion  of  the  squares  of 
the  distances. 

From  viewing  bodies  in  the  aggregate,  we  may  next  proceed  to  contemplate  them 
as  composed  of  minute  particles.  These  particles,  it  is  probable,  consist  of  solids, 
which  are  incapable  of  mechanical  division,  but  are'  still  possessed  of  the  qualities  oi 
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length,  breadth,  and  thickness.  In  simple  bodies  the  particles  must  necessarily  be  all 
of  the  same  nature,  or  honiogenemu.  In  compound  bodies,  we  are  to  understand,  by  the 
tsnapartieles,  the  smallest  parts  intoivilMMftwcan  be  resolved  without  decomposition. 
The  word4lKMi  km  <^  late  been  re?xf»l>  to  denote  both  these  kinds  of  fttttdfli;  and 
we  maT"  ^MCfore  speak  with  proplirt^  of  simple  atmns  and  of  eompomd  atoms,  llhen 
two  atnOi  of  difereat  kinds  unite  1»  toitm. «  tiurd  «t  compound  atoi%  \re  may  teUft  the 
two  SMUbf  i»mpomm  tOMU ;  and,  if  l&ese  l^re  n0fc  been  decompose^  tbey  iii{f  bt  tilled 
elemenffny  or  prinmy  atoms. 

The  atwn  or  ptttidea  of  bodies  ■!«  dso  inflki^iced  by  tin  tcKt»  of  attradion,  but 
not  unleil  vhea  placed  in  apptsfW^  ooiiitakct.  Hence  a  ^GMuuCloii  has  been  made 
between  gtttvitation,  i&d  that  kifti  tii  attraction  iMiisIl  ifl  ^IbctifiB  only  at  insensible 
distances^  The  lattiBr  ka»  hwtt  ^uttbd  awt<%^«g  aUfmUm ;  md  khai  been  fiirtSieniore 
subdiviM  as  exerted  be^«M  pttlioles  of  matter  of  1^  MMtkiiid)  or  b«t«««ft  partfnles 
of  ftilflrwijkittd. 

itoMifcilMi  of  i^^fttllft>llo^^  Cohesive  aiMaraction,  or  Aian  aini^  ookedna,  is 
to  be  un^terstood  that  feroe  or  pow«r  by  which  particles  or  atoms  ^  snatter  of  tht  tame 
hind  attract  each  other ;  the  only  etfieM^  of  this  attraction  beloig  an  aggregate  or  mass. 
Thus  a  lump  of  copper  may  be  considei^  as  composed  of  an  infinite  number  of  minute 
particles  or  integrant  parts,  each  of  which  has  precisely  the  same  properties  as  those 
that  belong  to  the  whole  mass.  These  are  united  by  the  force  of  cohesion.  But  if  the 
copper  be  combined  with  another  metal  (such  as  zinc),  we  obtain  a  compound  (brass), 
the  constituent  parts  of  which,  oopper  and  zinc,  are  combined  by  the  power  of  chemical 
attraction  or  affinity ;  a  term  which  it  is  proper  to  restrict  to  the  attraction  existing 
between  particles  of  different  kinds.  In  simple  bodies,  therefore,  cohesion  is  the  only 
force  exerted  between  their  particles.  But  in  C(»zipoiuid  bodies  we  may  distinguish 
the  force,  with  which  the  primary  or  component  atoms  are  united,  from  that  which  Hub 
compound  atoms  exert  towards  each  other ;  the  former  being  united  by  chemical  attract 
tion  or  afSnity,  and  the  latter  by  cohesive  attraction. 

Hence  we  deduce  a  weU-defined  and  easily  appreciable  distinction  between  the 
three  forces  or  attractions  of  gravitation,  cohesion,  and  chemical  attraction,  or  affinity. 
Gravitation  operates  between  masses  of  matter,  of  whatever  kind,  and  at  sensible, 
frequently  enormous  distances.  Cohesion  operates  between  particles,  not  maseet,  and 
of  similar  kind,  at  distances  which  are  inappreciable.  Chemical  affinity,  or  attraction, 
operates  between  particles,  not  masses,  of  dissimilar  kind,  and  also  at  inapprecwble 
distances.  As  illustrations  of  the  propriety  of  the  definitions  assigned  to  these  three 
forces,  a  few  simple  examples  may  be  given.  First)  with  respect  to  gravitation,  it  may 
be  remarked  that  any  ponderable  substance,  of  v^^atever  ksnd-*-fi>r  example,  a  stone,  a 
lump  of  metal,  or  a  piece  of  wood— if  allowed  perfect  freedom  to  mov«,  falls  towards 
the  earth ;  thus  proving,  that  although  a  stone,  a  piece  c^  metal,  and  wood,  ai«  all 
masses  of  different  kind,  yet  they  arc  affected  by  «  certain  foree^  exerted  mntuifiy 
between  themselves  and  the  earth,  at  distances  which  can  be  measored,  and  which  are 
therefore  sensible.  That  irhich  has  been  demonstrated  as  holdin|f  good  of  three  masses 
of  Jlifferent  kind,  may  be  proved  to  hold  good  fbr  aU  ponderabte  bodies  whatever. 
Hence  the  universality  of  the  law. 

The  reader  who  is  just  commencing  his  studies  in  physics  and  chemistry,  mtsy 
probably  meet  with  soom  examples- which  aie  seeauAgly  at  variaoee  with  the  lav  here 
enunciated  as  universal.  Thus  hydmgea  gsss  fosseiws  ire%ht;  yet  a  balloeii  lliled 
with  this  gas  does  Bot!fall  towards  the  earth)  botiises.    The  apptfnAEtrdisctepaBcy 
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be^tVMivthB'iaiMiiiineDBSL.obflcrred,  and  the  enunGiaied'  Isfff,  oonaUite  m  thifin^-iiainflijt, 
iba  presenee  and  tlu  eoneontttBnt  inftaeDce  of  ainoBpherio  air ;  which,  heiog  heavier 
than  hjFcbogiBD,  aiiiht  beneath  tiieballooB  coniaiiiing  tbe  lattw,  and  lifts  it  up» 

Td  iUustratVAlhe  peouliar  nature  of  the  attraeticm  ot  foree  of  eoheeion,  we  smj 
MBOine  &.]Baaa  of  metal  to  be  the  siibjeet  of  obeervatton.  By  the  applicatiaft  of  nifiiiieiit 
fixrce  tins  mam  may  be  dieravered  into  smaUer  pesrts,  and  na  amount  of  proamre  can 
tone  them  n  cloeely  together  that  they  ahaU  unite.  Hence  cohesion,  the  attractun 
which  held  tbe  particles  of  metal  together,  and  made  them  constitute  one  mass,  actv  at 
insensible  distances.  It  is  e-vident,  moreoyer,  that  the  attraction  is  exerted  between 
particles  of  similar  hinds. 

To  ilkutrato  the  propriety  of  the  definition  given  to  chemical  attraction  or  affinity, 
the  erample  of  Une  vitriid  may  be  cited.  This  substance  is  a  mass  made  up  of  particles, 
as  may  be  demonstrated  by  grinding  it  to  powder.  But  if  the  smallest  appreciable 
partiele  of  this  powder  be  taken  and  examined,  it  will  be  found  to  be  composed  of 
anlpfaor,  oxygen,  and  coppor,  united  together  by  some  foree  acting  at  an  insensible 
distance^  but  exerted  between  dissimalar  particles. 

The  Operation  of  Weighing.— All  terrestrial  substances  are  attracted,  as  we 
have  seen,  towards  the  earth's  centre,  by  the  force  of  gra^ntation  in  direct  proportion  to 
their  mam,  oa  the  quantity  of  matter  which  they  contain ;  and  the  estimation  of  this  mass 
coDslitates  the  process  of  weighing,  so  indispensable  in  all  accurate  diemioal  inTesti4> 
gatitms.  HcBMe  the  scales  or  balance  become  to  the  chemist  what  the  rule  and  compa^Bes 
azeto  tdie  mathematician—the  starting  point  of  all  his  inyestigation0"<ihe  measure  of 
their  eorreetBass. 

The  general  functions  of  a  pair  of  scales  are  so  umyersally  known,  that  their  mintit«[ 
description  may  be  thought  unnecessary.  The  chemical  student,  however,  will  do  well 
to  make  himself  acquainted  with  certain  points  in  relation  to  these  instraments«*their 
varieties,  their  principle  of  oonstmction,  and  the  theory  of  their  action— some  of  wh&di 
points  are  not  very  obvious  from  a  casual  inspection.  As  to  their  rarieties,  it  may  be 
mentioned  that  the  less  delicate  instruments  of  this  kind  are  simply  termed  seaies,  and 
are  employed  for  operations  of  weighing,  when  moderate  accuracy  alone  is  required ; 
the  term  balance  being  restricted  to  those  delicate  instruments  so  indispensable  to  the 
pfOMeutioa  of  aecsrate  experiments,  but  which  are  unfitted  for  common  use.  In  prin^ 
oiple,  however,  the  seaUi  are  identical  with  the  ialanee,—ei.  designation  which  I  shall 
hereafter  employ  in  a  generic  sense. 

Tho  balance,  as  generally  defined,  may  }»  considered  as  an  uniform  inflexible 
lever,  supported  horizontally  at  the  centre  of  gravity,  and  supporting  weights,  at  eqnal 
diitaiiGes  ficcm  the  centre,  by  points  in  the  same  horizontal  line  with  the  centise  d 
9favity.  Such  is  the  balance  theoretically  considered ;  but  in  practice  there  is  a 
cMMiderahle  deiviatiea,  partly  because  of  the  impossibility  of  secuxing^  all  these  condi- 
tions on  account  of  mechanical  difficulties,  and  partly  on  account  of  deviations  spceasiBy 
introdooed,  f<ur  reasons  to  bo  described  hereafter. 

For  the  purpose  of  entexing  v^n  a  eon-  G 

aideratitti  of  the  theory  of  the  baiaiice,l6t 
us  aamme.GfcoBuBeate  the  centre  of  gravity 
in  the  beam  A  B ;  by  which  is  meant  that 
OQwhiohyif  the  beam  were  poised,  it 


wuld  ffWiin  in  pwfect  quietndfc    SuppMiagnowaweighttebeailteKdiedtoeillier^f 
the«KtradiHii,AerB,  iiis  evidttt  Ihat  tlie  esEtntnity  so  wc%hiM  would  fi^,  «id^ 
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that  the  original  horizontal  position  of  the  beam  could  only-  be  maintained  by  adding 
to  the  second  extremity  a  weight  equal  to  that  preyiousiy  added  to  the  first.  Practi- 
cally spealdng,  howeyer,  a  balance  such  as  here  described,  in  which  the  extremities  are 
supposed  to  be  on  the  same  horizontal  line  with  the  centre  of  grayity,  is  inefficient. 
An  instrument  of  this  kind  turns  with  the  minimum  of  added  weight,  it  is  true,  and  in 
this  sense  possesses  the  extreme  of  delicacy;  but  when  turned,  it  no  longer  recovers  its 
position  by  vibration,  preparatory  to  assuming  its  final  condition  of  rest,  as  a  good 
balance  should  do,  but  assumes  a  condition  of  rest  at  once.  This  is  technically  called 
setting.  Hence  practice  indicates  that  an  efficient 
.-'•''®  balance  should  not  have  its  centre  of  gravity  exactly 

<»  iZ*!  ^     coincident  with  its  centre  of  oscillation,  but  more  or  less 

■"***-..Q  above  it,  according  to  the  amount  of  weight  the  balance 

is  designed  to  carry.  This  deviation  is  indicated  by  the 
accompanying  diagram,  where  G,  as  before,  represents  the  centre  of  gravity,  and  0  the 
centre  of  oscillation.  Hence  it  may  be  remembered,  that  in  proportion  as  the  quantity 
intended  to  be  weighed  is  small,  so  ought  the  centre  of  oscillation  to  be  nearer  the 
centre  of  gravity,  or  vice  versd. 

The  greater  number  of  modem  balances  are  fumished  with  the  means  of  varying 
the  position  of  the  centre  of  gravity  at  pleasure,  by  the  elevation  or  depression  of  a 
screw  weight,  situated  either  above  or  below  the  beam.  Balances  used  for  the  mere 
'  I  purposes  of  mineral  assaying  need  not  be  adapted  to  the  carrying  of  larger  amounts  of 
weight  than  thirty  grains  in  each  pan ;  but  a  delicate  balance  foe  general  chemical 
analysis  must  at  least  be  capable  of  sustaining  a  weight  of  one  thousand  grains  in  each 
pan,  and,  if  good,  should  turn  when  thus  loaded  with  a  thousandth  part.  Before 
employing  a  balance,  care  should  be  taken  that  it  stands  quite  evenly  on  the  table. 
This  is  easily  seen  by  means  of  two  spirit  levels  attached  to  the  base  plane  of  the 
instrument  case,  or  by  a  plumb  line.  The  adjustment  may  then  be  readily  effected  by 
means  of  screws  regulating  the  elevation  of  each  comer  of  the  firame,  or  case,  in  which 
the  balance  is  contained. 

Substances  to  be  weighed  should  be  rarely,  if  ever,  put  into  the  naked  pan  of  the 
balance,  but  inclosed  in  a  tube  or  capsule ;  nor  should  they  be,  under  any  circum- 
stances, introduced  whilst  hotter  than  the  surrounding  air.  Under  these  circumstances 
there  would  be  developed  an  ascending  current  of  air,  causing  the  body  to  appear 
lighter  than  reality ;  which  would  of  course  vitiate  the  result. 

Every  care  should  be  taken,  by  keeping  the  instrument  dry,  to  prevent  rust  or 
corrosion ;  but  if  by  chance  a  spot  should  be  rusted  or  corroded,  so  as  to  destroy  the 
equilibrium  of  the  beam,  never  under  any  circumstances  attempt  to  remedy  the  defect 
by  filing,  scraping,  or  scouring.  For  the  time  being,  accomplieih  equilibrium  by 
means  of  a  counterpoise;  and,  when  convenient,  let  the  philosophical  instrument- 
maker  do  the  rest. 

All  delicate  balances  have  their  points  of  oscillation  composed  of  a  steel  knife-edge 
working  on  agate  planes.  These  knife-edges  are  subject  to  be  damaged  by  sudden 
concussions ;  hence  the  impropriety  of  putting  anything  into  either  scale  whilst  the 
beam  is  in  motion.  It  should  therefore  be  brought  invariably  to  rest,  and  the  weights 
added  or  subtracted  whilst  in  this  state. 

Although  a  hundredth  is  usually  the  smallest  submultiple  of  the  given  amount 
employed  in  practice,  delicate  balances,  such  as  described,  are  always  preserved  in 
glass  cases,  for  the  purpose  of  protecting  them  against  dust  and  moisture.     They 
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cajonot  be  retained  mthout  damage  in  the  laboratory,  but  should  be  kept  in  a  dry 
room,  and  a  basin  of  quicklinie  should  be  placed  within  their  case  for  the  purpose  of 
absorbing  acid  fumes  and  moisture.  In  addition  to  the  delicate  balance,  scales  and  weights 
are  required  for  ordinary  operations ;  but  any  special  description  of  these  is  unnecessary. 
It  remains  to  be  stated  that  the  upward  pressure  of  atmospheric  air  against  a 
fSalling  body  («'.  e.,  in  the  case  under  consideration,  the  body  weighed)  is  not  usually 
taken  cognizance  of  in  conducting  the  operation  of  absolute  weighing,  as  distinguished 
from  relatiye  weighing  (t.  e.,  taking  specific  grayities).  In  the  latter  case,  howeyer, 
when  extreme  delicacy  is  required,  this  upward  pressure  must  be  accounted  for. 

Taking  Spciclflc  OiaTities,—- As  the  weight  of  a  body  is  the  numeral  expres- 
sion of  its  grayitating  force,  so  the  specific  weight,  or  specific  grayity,  of  a  body  is  the 
niimeral  expression  of  its  grayitating  force  in  relation  to  an  equal  measure  of  some 
other  body  fixed  upon  as  a  conyenient  imity  of  comparison.  Thus  if  we  consider  the 
weight  of  a  giyen  bulk  of  water,  for  example,  to  represent  unity,  we  may  state  that 
the  weight  of  an  equal  bulk  of  copper,  or  lead,  or  mercury  is  greater  than  that  of 
water  in  the  ratio  of  8*667,  11*381,  and  13*545,  which  numbers  are  said  to  represent 
the. specific  grayity  of  these  metals — water  being  the  accepted  standard  of  com- 
parison for  all  solids  and  liquids.  Again,  if  we  assume  the  weight  of  a  giyen  bulk 
of  atmospheric  air  to  represent  imity,  we  may  state  that  the  weight  of  an  equal 
bulk  of  any  gas  or  yapour  is  so  much  greater  or  less  than  that  bulk  of  air,  which 
expressions  will  be  indicatiye  of  the  specific  gravity,  or  specific  weight,  of  such  gases 
or  yapours— 4ur  being  accepted  as  the  standard  or  unity  of  specific  grayity  for  this 
class  of  substances. 

The  reason  why  water  has  been  accepted  as  the  standard  of  specific  grayity  for 
solids  and  liquids,  and  atmospheric  air  for  gases  and  yapours,  is  purely  one  of  conye- 
nicnce.  Any  other  standard  might  haye  been  selected  without  theoretically  affecting 
the  result. 

Such  being  the  explanation  of  what  is  meant  by  the  term  specific  weight  or  spedfie 
grayity,  the  theoretical  means  of  arriving  at  the  desired  result  are  obvious ;  nothing 
more  being  necessary  than  to  select  equal  bulks  of  substances  to  be  operated  upon,  to 
weigh  them,  and  to  ascertain  the  ratio  between  their  respective  weights.  Thus,  for 
instance,  a  cubic  inch  of  water,  accurately  measured  at  the  temperature  of  60°  F., 
would  be  found  to  weigh  252*458  grains,  and  a  cubic  inch  of  the  metal  copper  3157*44 
grains,  thus  presenting  the  ratio  of  1  to  8*667  grains. 

In  practice,  howeyer,  this  mode  of  taking  specific  grayities  is  rendered  impossible 
by  many  impediments.  Not  only  is  it  impossible  to  measure  out  equal  bulks  of  any 
substances,  but  in  many  cases  it  would  be  impossible  to  reduce  the  substance,  of  which 
the  specific  grayity  was  desired,  to  any  defined  mathematical  shape,  so  as  to  adapt  it  to 
the  process  of  direct  measurement.  Thus,  for  instance,  the  case  often  presents  itself 
where  the  specific  gravity  is  required  of  an  irregularly-shaped  specimen  of  metallic  ore, 
the  integrity  of  which  must  not  be  destroyed ;  here  the  process  of  attempting  to  reduce 
it  to  the  form  of  a  cube  could  not  be  entertained.  Again,  the  material  might  be  in  the 
condition  of  sand,  to  which  the  theoretic  indications  of  taking^  its  specific  gravity  by 
direct  measurement  would  be  [equally  inapplicable.  Hence  certain  indirect  methods  of 
arriving  at  the  desired  result  must  be  devised. 

In  describing  these  indirect  methods  I  wiU  first  assume  the  case  of  an  irregular 
solid  mass,  of  which  the  specific  gravity  is  desired.  The  first  point  to  be  determined 
is  the  weight  of  its  own  bulk  of  water,  which  should  seem  obtainable  by  immersing  it 
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in  «  TMBel  quite  liiU  of  thftt  liquid,  «Bd  acevvatdiy  eoikctiiig  «2L  tint  pettion  of  > 
iHiiA  Bilgfat  be  difljplMed.  J^rMticafiy,  howe^r,  tiiis  is  laipoaBifale ;  for  aot  onlf  wnuld 
ft  p^ttioA  of  tiue  liquid  thus  cinmmfllanoed  «&ere  reimd  liie  aidM  of  tibe  Tenel,  bat 
aootiitr  pottioii  vottld  ovaponte ;  to  say  xwthiag^  of  Hub  oooamnee  of  1^  waU^kaofwa 
pbflnotte&on  witneewd  in  pourisg  a  liquid  into  a  dzy  s^ass,  dmnietenzed  by  the  rise 
of  tibo  liquid  considerably  «boye  the  level  «f  the  Teasel.  Hence  aome  mote  indivcet 
anthied  of  obtaining  the  -weight  of  a  balk -of  water,  equal  to  that  of  the  snbstaaee 
epewtod  upon,  must  be  dervised ;,  and  the  fbUowing  ooosideratien  Moden  tiie  obtaiaing 
of  this  fimction  moat  easy.  J^y  ^ubstanoe  will,  if  immeraed  in  water,  be  pressed  np 
.  with  «  eettam  forae  equal  to  the  wn^t  of  its  own  liidk  of  wvtor.  Heme,  if  the 
nAslanoe  to  be  iaBDened  be  made  to  depend  fron  one  extremity  of  like  beun.  of  an 
eqtt^KHsed  bakasce,  it  is  evident  diat,  on  aooount  of  the  upward  pressure  of  the  water, 
atenqBorflEry  loss  of  weight  of  the  sv^tance  immersed  will  be  sustained ;  ftndlhis  loss 
of  weight,  being  equal  to  the  we^ht  of  its  own  balk  of  water,  may  be  readily  detei^ 
tttined  by  addii^^,  to  the  opposite  scale*pan,  sudi  an  amount  of  weight  as  will  sofllee  to 
briBl^^ihe  beam  once  more  into  equilibrium.  Hence  Ihe  practical  rule  to  be  followed, 
in  takit^  the  speeiBic  gtwvity  of  substasnces  by  tiie  method  indicated,  may  be  suecinetly 
said  to  consist  in  weighing  the  subBtance  to  be  examined,  first  in  «r,  then  in  water 
and,  &uidly,  dividing  its  weight  in  air  by  its  loss  in  water. 

Eeduoing  these  directions  to  a  formula,  let  the  speeific  gvavity  of  a  body- be  repre- 
seMtod  by  G,  its  weight  in  air  by  cr,  its  weight  when  immoned  in  watw  by  v  —  tc; 


Then  G  =  - 


IP  —  X 

A£ber  what  has  been  said  on  the  variation  'efl^ted  by  aitmoaphecto  air  on  the 
apparent  weight  of  bodies,  it  will  be  easily  infeired,  tiiatwhen  iextmme  delicacy  is 
Teqoired,  the  weight  of  the  bulk  of  air,  equal  in  sise  to  the  hv]k  of  substance  operated 
upon,  must  be  taken  into  consideration.  If,  therefore,  we  indicate  this  element  of  cal- 
eskbtion  by  «,  the  fonm^  will  be  thus  modifled :—  Or  =z  vpeeifie  gravity,  »  =  weight 
in  air,  w  —  ^  r=:  weight  in  water,  ^  =c  weight  of  air  equal  in  baft:  to  titat  of 
the  jmbstanoe  operated  upon ; 

TIienG=  J!^+ii-. 
w  -t*w — te 

The  modification  of  scale-beams,  by  whieh  e^efific  gravities  «m  Ukm,ms  indioated, 

consists  of  a  pan  suspended  by  shorter  wires  or  «tdngs  t^an  ithose  employed  Ax 

oMUBMBi  purposes,  and  supplied  wilii  a  hook  inferioriy  attached  to  which,  by  a  hadr  or 

lament,  the  substance  tuader  -exami&a<i<m  is  intended  to  be  hung.    The  suspending 

lament  should  be,  by  pfreference,  unspon  silk  or  human  hftir;  but  horae^hair  is 

:&equently  used,  and  answers  sufficdentiy  well  when  the  substance  under  lonBidfsration 

is  large,  and  extreme  accuracy  in  not  required. 

The  hair,  or  ot^ter  lament,  employed  m  a  means  of  suspensitm  between  the  pan  of 

the  balance  and  the  substance  to  be  weighed,  may  either  be  attached  to  the  Matter 

directly  or  indirectly :  if  indirectly,  a  double  metallic  hook,  as  represented  in 

the  acoompajiying  diagram,  is  employed ;  and  its  4^parent  weight  in  water 

must  be  taken  into  account  in  calcidaiting  the  result.     Ear  this  puipose  the 

apparent  weight  in  water  of  the  minwal  and  hook  being  xioted,  the  miroral 

shouM  be  removed;  and  weights  being  now  added.to  thosnspending  pan,  until 

the  re-establishment  of  an  equipoise,  the  amount  of  weight  thns  added  will 

be  eqnal  to  the  apparent  weight  of  the  hook  in  i 


i$> 


Digiti 


zed  by  Google 


SFBCIFre  GRAVITIES. 


The  water  employed  is  always  understood  to  be  distilled  water,  at  a  temperature  of 
60°  F..;  but  rain  water,  or  even  spring  or  river  water,  may  be  employed  in  some  c^^es. 
No  considerable  deyiation,  howeyer,  from  the  temperature  of  60°  F.  should  be  p^- 
mitted,  as  in  that  case  the  errors  arising  would  be  serious ;  and  care  should  be  taken 
that  no  air-bubbles,  which  may  accidentally  attach  themselves  to  the  substanee  un^er 
examination  on  to  the  suspending  filament,  remain  whilst  the  counteipoise  is  being 
effected.  With  distilled  water,  or  water  that  has  been  boiled,  no  such  bubbles  will 
ocotir ;  but  with  common  water  they  are  almost  invariably  present,  ai^d  should  be 
care&lly  removed  by  means  of  a  camel' s-hair  pencil. 

There  are  certain  cases  in  which  water  cannot  be  thus  directly  employed  because  of 
Hie  solubility  in  that  fluid  of  the  substance  to  be  examined.  This  remark,  for  example, 
would  apply  to  a  mass  of  sugar  or  of  soap,  both  of  which  are  readily  soluble  in  water. 
The  specific  gravity  of  such  bodies  may  be  determined  by  employing  certain  fluids  of 
known  specific  gravity,  and  in  which  they  are  insoluble.  Thus  pure  alcohol  might  be 
employed  in  the  caae  of  sugar,  ta>d  a  aatuiated  sofaitiaii  of  adt  am}  water  in  &d  flfue  of 
soap. 

Another  case  involves  the  toking  of  the  specific  gravity  of  a  substance  Hghter  than 
water ;  under  which  ciroamatoDoeiEi  it  will  not  sink,  and  a  modification  of  the  process 
d^cribed  must  be  had  recourse  to.  The  wcdght  of  the  lighter  body  in  air  having  been 
detenninedi  and  of  the  bsavier  body  in  water,  both  are  to  he  fastened  together,  and 
weighed  in  water,  when  their  aggregate  freight  will  fall  short  of  that  of  the  heavier 
body.  The  weigh!  of  the  lighter  body  is  now  to  be  subtracted  from  that  of  the  heavier 
body*  and  the  remainder  added  to  the  wei^t  of  the  former  in  air.  The  ^uotiesj: 
indi(^;es  the  weight  of  a  quantity  .&f  water  equal  in  bulk  to  the  lighter  body.  The 
weight  of  the  li^^tex  body  in  air  being  now  divided  by  the  latter  sum,  its  specifie 
gravity  is  deduced. 

.  The  heavier  body  thus  employed  may  be  the  supporting  hock  itself,  made  for^thig 
purpose  of  adequate  weight,  and  sufficiently  large  to  admit  of  being  bent  around  th^ 
substance  to  be  immersed,    apposing  the  weight  of  ^atmo^heric  air  to  be  <mui{k8d;  the 
.  fwnml»  in  this  cme  will  be 


Or  u  being  the  weight  of  air  displaced  by  the  mineral, 


G 


The  method  of  taking  the'specific  gravity  of  disintegrated  pftrticles  is  different  from 
that  already  described,  although  in  principle  it  is  identical ;  the  object  being  in  either 
case  to  determine,  as  a  preliminvy,  the  weight  of  an  equal  bulk  of  water.  It  consists 
in  taking  a  bottle  of  such  a  pize  as  to  contain  ^  known  weight  of  water— say  1,000  or 
500  grains.  Such  a  bottle  being  accurately  filled  with  water^  a  given  weight  of  the 
powder  to  be  examined  is  dropped  in ;  when  it  follows  that  an  amount  of  water  equal 
in  weight  to  that  of  the  bulk  of  substance  under  ^xanu^atio^  must  oversow,  aitd  which, 
although  it  cannot  be  collected  and  weighed,  for  reasons  alceady  described,  may. be 
readily  estimated  by  the  loss  ;  thus  famishing  the  i;«ual  elements  of  oalcuUtion  for 
specific  gravities. 

AnoUier  means  of  estimating  the  t^ecifie  gravity  of  powders  snd  epmminuted 
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particles  generally  consiBts  in  weighing  them  in  a  small  cupi  or  cruciUe,  as  hereafter 
represented. 

Here  the  cup  or  other  yessel  performa  the  function  of  the  double  hook, 
and  must  be  allowed  for  in  a  similar  manner. 

The  process  for  obtaining  the  specific  gravity  of  liquids  is  as  follows : — 
A  bottle  of  such  a  size  as  to  contain  a  known  weight  of  water  is  filled  with 
the  liquid  to  be  examined  and  weighed.  In  proportion  as  the  result  is 
greater  or  less  than  the  weight  of  water,  so  is  the  liquid  under  examination 
of  greater  or  lesser  specific  gravity. 

Let  X  =  the  weight  of  the  bottle  filled  with  the  liquid,  and  stoppered ;  y 
the  weight  of  the  bottle  filled  with  water,  and  stoppered^  \u  the  weight  of  the  bottle 
empty  («.  *.  filled  with  atmospheric  air),  and  stoppered,  ^ 

then  G  =  ^Hi?. 
,y  —  u? 

Or  supposing  the  weight  of  air  contained  within  the  cup  to  be  estimated, 

then  G  =  i+iini^. 

In  order  to  save  trouble,  bottles  are  sold  so  adjusted  that  they  contain  a  known 
weight  of  water  at  60°  F.,  usually  500  or  1000  grains,  and  supplied  with  counterpoise 
or  tare  for  the  bottle  or  stopper.  These  instruments  are  purchased  imder  the  name  of 
Jke  hundred  grain  or  thousand  grain  bottles,  and  are  obviously  calculated  to  save  time, 
inasmuch  as  only  one  process  of  weighing  has  to  be  performed,  and  the  specific  gravity 
of  a  substance  operated  upon  is  read  off  at  once  without  any  calculation.  These 
bottles,  however,  are  seldom  correct ;  moreover,  it  frequently  happens,  in  the  course  of 
chemical  operations,  that  the  specific  gravity  is  required  of  liquids  of  which  the  operator 
possesses  much  less  than  500  grains ;  and  when  mere  saving  of  time,  at  the  expense  of 
accivacy,  is  the  object  aimed  at,  this  can  be  still  better  accomplished  by  employing  the 
hydrometer. 

Ordinarily,  the  best  instrument  for  taking  the  specific  gravity  of  liquids  consists 
in  a  segment  of  glass  tube,  closed  at  one  end,  and  ground  at  the 
other.  Probably  the  most  convenient  size  for  general  purposes  is 
that  represented  by  the  accompanying  woodcut. 

Grinding  the  open  end  may  be  accomplished  by  a  common  file 
used  wet,  and  the  cover  may  be  a  circular  disc  of  very  thin  wood 
or  glass.  Special  instructions  for  the  manufacture  of  small  glass 
Instruments  wiU  be  hereafter  given.  It  may  be  as  well,  however, 
in  this  place  to  indicate  that  a  thin  piece  of  sheet  glass  may  be  cut, 
with  tolerable  facility,  under  water  or  other  liquid,  by  means  of  a 
common  pair  of  scissors ;  the  contact  of  liquid  preventing  the  spread  of  those  irregular 
vibrations  to  which  fractures  are  attributable.  Having  in  this  way  cut  out  a 
disc  of  the  size  required,  its  edges  should  be  trimmed  by  means  of  a  wet  file ;  and 
being  numbered  or  marked,  its  weight  should  be  taken,  and  recorded  in  the  laboratory 
book  for  reference. 

In  whatever  pieces  of  glass  apparatus,  subject  to  the  operation  of  weighing,  ground 
edges  occur,  care  should  be  taken  to  have  the  grain  so  fine  that  no  chips  are  likely 
to  be  removed ;  otherwise  the  weights  indicated  for  each  would  be  liable  to  continued 
variation. 
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The  operation  of  scratching  on  glass  may  be  conducted  either  with  a  variety  of 
diamond,  known  as  the  tcraUh  diamond^  sold  by  this  name  on  purpose ;  or,  what  is  just 
as  effectual,  the  angular  extremity  of  a  newly-broken  file.  Sometimes,  instead  of  a 
conyentional  mark  inscribed  on  a  piece  of  glass  before  weighing,  the  actual  weight,  of 
course  written  after  weighing,  is  inscribed ;  this,  however,  is  a  bad  plan,  inasmuch  as 
the  abrasion  thus  accomplished  necessarily  vitiates  the  weight.  Supposing  a  disc  of 
glass,  having  the  area  of  the  diagram  below,  to  have  the  quantity  (gr.  10*59)  inscribed 
on  it,  the  abraded  glass  thus  removed  would  scarcely  amount  to 
less  than  the  two-hundredth  part  of  a  grain — an  error  more  than 
sufficient  to  vitiate  the  result  practically. 

It  remains  to  append  yet  a  few  other  remarks  on  the  subject  of 
taking  specific  gravities  by  these  littie  cups.  The  liquid  having 
been  poured  in  at  the  proper  temperature,  rather  above  the  level 
of  the  edge,  the  glass  disc  or  cover  is  to  be  put  on  with  a  sliding 
motion,  so  as  to  exclude  every  bubble  of  air.  This  operation  will 
necessarily  cause  a  portion  of  the  liquid  to  overflow  and  stick  about  the  sides,  irom 
which  it  should  be  removed  by  the  continuous  use  of  blotting-paper ;  and  the  cup 
should  on  no  account  be  subjected  to  prolonged  contact  of  the  naked  hand,  which 
would  have  the  effect  of  causing  the  liquid  to  expand  and  overflow.  The  cup  must 
either  be  steadied  during  wiping  by  means  of  a  paper  loop,  or  else  by  the  finger, 
protected  either  by  gloves  or  intervening  cloth  from  immediate  contact  with  the 
glass. 

Occasionally  still  more  delicate  means  must  be  had  recourse  to  for  taking  the 
specific  gravity  of  liquids.  The  liquid  to  be  examined  may  be  so  exceedingly  volatile, 
or  so  small  in  quantity,  that  the  mere  act  of  pouring  it  into  a  cup  would  be  attended 
with  such  a  loss  as  would  prevent  the  cover  fitting  with  accui-acy.  Under  these 
circumstances  the  following  plan  may  be  had  I'ecourse  to : — 

Construct,  out  of  a  glass  tube,  a  small  bulb  with  a  tubular  capillary  opening, 
and  when  cold  weigh  it.    Next  wind  a  small  piece  of  platinum  wire  loosely 


contaln- 
emerge. 
rush  in 


round  the  hooked  part  of  the  neck,  thus : 
liquid  to  be  operated  upon  in  a  tube, 
mouth  of  the  tube  now  with  the  thumb 
ing  the  flame  of  a  spirit-lamp  to  the  tube 
air   within   the   bulb  will  expand  and 
the    contents   to   cool,  the   liquid   will 
lary  orifice,  and  partly  fill  the  bulb.    By  one  opera- 
bulb    can    never  be  completely  filled.     The  heating 
times  repeated  to  accomplish  this.    When  the  bulb  is 
should  be  first  allowed  to  cool  to  the  temperature  of  the 
It  should  then  be  immersed  in  water  at  60°;   and, 
being  removed,  and  dried,  if  necessary,  by  means  of 
it  should  be  weighed, 


and  plunge  the  bulb  into  the 
thus:  ^^—r^  Cover  the 
tightiy;   ^A  and  apply- 

•"  ^^^^^^  ing  the  liquid,  the 
Now,  on  allowing 
through  the  capil- 
tion,  however,  the 
must  be  several 
filled,  the  tube 
suirounding  air. 
finally  (the  bulb 
blotting  -  paper). 


as  I  have  already 


The  unit  of  specific  gravity  for  gases  and  vapours  is, 
observed,  not  water,  but  atmospheric  air ;  and,  although  the  process  of  taking  the  specific 
gravity  in  this  case  presents  some  practical  difficulties,  its  theory  is  very  simple,  being, 
in  point  of  fact,  precisely  analogous  to  the  theory  of  taking  the  specific  gravity  of  fluids. 
A  flask,  or  bottie,  having  been  weighed  when  fiill  of  atmospheric  air,  the  vessel  is  exhausted 
by  means  of  the  air-pimip,  filled  with  the  gas  or  vapour  to  be  investigated  and  weighed 
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again.  In  direot  profpartian  as  its  oontents  are  lif^hter  or  keaTier  than  befei^,  aois  the 
mfafitance  under  exunination  h^bAeec  or  heavior  tiutn  an  equal  bulk  of  jttmoi^besic  air. 
The  numeral  expreanon  of  this  difference  is  its  specific  gravity. 

All  titat  has  been  said,  as  to  the  neoessity  of  aroiding  miked  cootftBt  of  ihs  ha»d 
with  yesseb  containing  liquid  under  process  ef  haying  their  speoifio  grairity  taken, 

mppUes  with  atiH  greater 
force  to  wash,  eaalj  expUL' 
Bible  bodieB  as  gases.  More^ 
over,  esre  should  be  taken 
timt  the  gases  under  ex- 
amination haye  been  per- 
fectly <bi«d.  This  is  ne- 
eompUshed  byoauaxog  thoBi 
to  traToree  a  iube  filled 
with  pieees  of  ^  chloride 
of  calcium.  The  subjoined 
diagram  represents  a  tube 
of  chloride  of  calcium  (0), 
a  mereury  ^trough  (M), 
and  a  flask  previously  exhausted  by  means  of  the  air-pump  (F). 

The  operation  of  taking  the  specific  grsLYityjoi  yapours  or  forms  of  matter  which 
retain  their  elastic  gaseous  state  only  within  certain  ranges  of  temperature,  requires 
another  mode  of  procedure.  Two  processes  have 
been  devised  for  effecting  this:  one  by  M.  Gay  Lus- 
sac,  and  the  other  by  M.  Bumas.  The  process  of 
M.  Gay  Lussao  is  as  follows : — ^A  small  bulb  of 
glass  (drawn  here  on  a  magnified  scalJ^  A),  ter- 
minating in  a  small  capillary  jet,  is  filled  with 
the  liquid  substance,  whose  vapour  is  to  be  ex- 
amined. The  orifice  of  the  jet  is  fused  by  means 
of  the  blow-pipe  flame,  the  bulb  wiped  dry,  and 
placed  aside  for  present  use.  A  dirii  of  mercury 
(a)  is  now  taken ;  a  graduated  tube  (0),  also  full  of 
mercury,  inverted  over  it,  as  in  a  pneumatic 
trough ;  and  the  dish,  along  with  its  tube,  set  to 
heat  over  a  small  fiimaee  {b).  The  bulb  just  treated 
of  is  now  thrust  under  the  mouth  of  the  tube, 
without  raising  the  latter  from  the  mercury ;  when 
it  is  evidmt  the  bulb  will  rise  through  the  column 
of  mercury,  until  stopped  by  the  closed  end  of  the 
tube.  Matters  being  thus  far  arranged,  a  cylin- 
drical glass  {d)f  open  at  both  ends,  is  passed  over 
the  graduated  tube,  and  lowered  ^until  one  end 

touehes  the  surface  of  the  mercuiy  in  the  tube,  and  thus  becomes  a  vessel  of  capacity, 
into  whidi  some  colourless  oil  is  poured,  imtil  Ihe  inclosed  graduated  tube  is  coai^ 
pletely  covered.  The  j&miace  heat  being  now^gradually  raised,  the  mercury  beeomee 
hot ;  eommunieating  its  heat  to  the  liquid  contents  of  the  littie  bulb,  which  farm 
KKpmtTy  press  outwaads,  burst  the  bulb,  depress  the  mercury,  and  pervade  the  tube  to 
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the  extent  of  vapoarfoMMd.  Tliis««tewt'€anbeMadoff  tlir<»gt4ai©oa,a»^ 
ilwcnlKic  caofceats  of  tte  Tapour,  «w«n?oiidmg  mth  the  tenpawto©  of  ihe  oU  and 
themercixiy  gtAe  time  of  the  opentiion;  'wHch  temperature  i»  takea  oqgnizance  of 
by  a  thermometer.  It  is  evident  th»t  the  ^erttioa  ja»t  dewaabed  fimuahes  us  with 
■liiiie  elementB  for  iettmii^  iiifi  specifie  gmvity  of «  wapour  ^  tiie  .temperature  at 
viaeh  tihe  operatkm  may  hwe  been  condaeted;  and  its  fipeQi&)  graviiy  at  other  tem- 
paatares  m«y  be  deduced  by  meaasof  a  oateoUis,  to  be  cxplamed  hereeiter.  This 
process  answera  quite  weH  for  taking  a»  specific  giavily  of  man^  but  it  is 

inappUcable  to  those  whose  existew*  depends  on  eueb  m  amountof  beat  as  would 
easse  the  decoaipoatmii  andbiftdBeniiig  of  the  ftiwimtrndiBg  oil. 

Theproceas.of  M.Buiiias  is  appJwabfe  to  «n  TOpowa  whoee  teaapwattti©  does  not 
exceed tiist  of  meitedgisgB,  and  is  iAou  eonduetad i^Jnto*  bsOb  of  «M»  vrith  a  long 
vipillary  jet,  as  in  the  diagram,  i"  pat  a 
email  portion  of  the  aubstanoe  to  be  va- 
poiiaed;  and  tiie  b«lb  being  completely 
immersed,  by  means  of  a  eontriTaaee 
iepi«8e&ted  in  the  diagram,  in  a  metal  be& 
of  tin,  lead,  and  bismufk,  the  latter  is 
heated,  until  the  contained  wbetanoe 
liws  in  vapeor,  and  all  the  eaoess  <^  it 
Offer  and  abov«  the  ameant  neoeesary  to 
fill  the  bulb  escapes  through  the  capil- 
kkzy  jet.  IMs  point  may  be  known  to  be  arriTed  at  wlien  a  onnant  ttl'mpomr  Is 
no  longer  gtren  off;  and  being  obsenped,  the  end  of  tiie  eapiUaiy  jet  is  sealed, 
t^  btdb  removed  from  the  metal  bstiL,  cleaned,  and  when  coM  aeeurately 
j#«ighed.  Supposing  tbe  operation  descriibed  to  have  been  accurately  eondueted,  the 
•vrkole  bulb  will,  if  the  end  of  its  capillary  jet  be  broken  vS  nadsr  meroury,  become 
-filled  with  Huit  metal.  Accordingly  this  is  the  next  step  of  the  operation  :>-The  bulb 
<fcas  filled  wi«h  mercury,  and,  wilb  the  bwken-off  wid,  being  p4aeed  «old  in  the 
balance-pan,  are  also  wei^fod.  Finally,  the  meicnry  is  removed,  weighed  alone,  and 
now  we  have  the  wbele  data  aecessary  for  oalccdating  the  speoifie  gravity  of  the 
vapour,  as  will  presently  be  recognifled. 

1.  By  weighing  we  learn  the  weight  of  bulb  and  ifeBvaporMui  eonteots. 

2.  By  weighing  we  icam  the  weight  of  the  bulb  filled  with  Biercnry. 

?.  By  wdgbing  we  also  learn  the  weight  of  the  meroury,  whenoe  its  TolumemAy 
be  aoeurately  deduced,  inasmneii  as  one  cubic  iatk  of  meroury  weighs  343d'36  grains. 

But  the  total  weight  of  balb  and  mercury,  minus  the  weight  of  meroury,  is  equal 
to  tbe  weight  of  the  balb  akme;  and  the  weight  of  vapour  first  ineladed  is  equal  to 
ihs  weight  of  t^  bulb,  plus  vapour  minus  the  weight  •  of  bulb.  Moceover  tiie  weight 
of  mercury  eontained  being  known,  and  henoe  its  buHt,  the  weight  of  atexosphOTC  air 
equal  to  that  balk  of  HWioary,  may  be  deduced  by  edeulation. 

In  addition  to  the  methods  of  taking  specific  gravities  already  deseribed,  there  exist 
others  which,  although  n^yt-so  coireet,  are  ooeasionaily  more  eonvenient,  and  t^hos  better 
adapted  to  the  ordinary  requisdtiens  of  commercial  and  msnu&etnring  ehemistry. 

Of  tbeae  instruments  the  one  most  usually  employed  is  (&at  whi^,  in  a  geseric 
sense,  is  termed  Ae  hydrometer,  a  term  whf^  ^eans  the  measurer  (specSftc  gnmty 
understood)  of  water.  This  imrtrament,  however,  has  various  names,  a«eoidii|gly  as 
it  may  be  gradtxated  for  akohcdic  liquors,  wlien  the  spee^  term  aloolMilyneter  is 
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applied;  for  milk,  when  it  is  called  a  lactometer;  for  sugar,  when  it  is  called  a^ 
saocharometer,  &c.  In  all  cases,  however^  the  principle  of  its  constmction 
is  the  same,  and  founded  on  the  obvious  property  possessed  hy  a  body 
floating  upon  a  liquid  of  sinking  or  rising,  in  proportion  as  the  liquid  in 
which  it  floats  is  heayier  or  lighter;  or,  in  other  words,  possesses  a  greater 
or  lesser  amoimt  of  specific  gravity.  Hydrometers  are  graduated  in  nume- 
rous ways;  but  they  inyariably  consist  of  an  elongated  vertical  stem,  a 
buoyant  bulb,  or  else  a  buoyant  solid  expansion,  and  a  terminal  weight,  as 
represented  in  the  accompanying  diagram. 

CokesiTe  Aittmctloa  is  a  property  which  is  common  to  a  great  variety 
of  bodies.  It  is  most  strongly  exerted  in  solids,  and  in  these  it  is  propor- 
tionate to  the  mechanical  force  required  for  effecting  their  disunion.  In 
liquids,  it  acts  with  considerably  less  energy ;  and  in  aeriform  bodies  we 
have  no  evidence  that  it  exists  at  all ;  for  their  particles,  as  will  afterwards 
be  shown,  are  mutually  repulsive,  and,  if  not  held  together  by  pressure, 
separate^  to  great  distances.  The  force  of  this  attraction  is  not  only  different 
among  different  bodies,  but  in  various  states  of  the  same  body.  Thus,  in 
the  cohesion  of  certain  metals  (steel  for  instance),  important  changes  are 
produced  by  the  rate  of  cooling,  by  hammering,  and  by  other  mechanical 
operations.  Water,  also,  in  a  solid  state,  has  considerable  cohesion,  which 
is  much  diminished  when  it  becomes  liquid,  and  is  entirely  destroyed  when 
it  is  changed  into  vapour. 

The  most  important  view,  in  which  the  chemist  has  to  consider  cohesion,  is  that  of 
a  force  either  counteracting  or  modifying  chemical  affinity ;  for  the  more  strongly  the 
particles  of  any  body  are  united  by  Ihis  power,  the  less  are  they  disposed  to  enter  into 
combination  with  other  bodies.  In  many  cases,  a  very  powerful  affinity  existing 
between  two  substances  may  be  rendered  wholly  inefficient,  by  the  strong  cohesion  of 
one  or  both  of  them.  Hence  it  has  been  received  as  an  axiom,  that  the  affinity  of  eom^ 
position  is  inversely  proportionate  to  the  cohesive  attraction.  To  the  language,  however, 
in  which  this  axiom  is  expressed,  it  has  been  justly  objected,  that  it  implies  an  accuracy 
of  proportion  between  the  forces  of  cohesion  and  chemical  affinity,  which  cannot  be 
proved  to  exist;  since  all  that  can  truly  be  affirmed  is,  in  general  terms,  that  the 
affinity  of  composition  is  less  effective,  as  the  attraction  of  cohesion  is  stronger. 

The  cohesion  of  bodies  may  be  overcome  by  mechanical  operations,  as  by  rasping, 
grinding,  pulverising,  and  other  modes  of  division,  which  are  generally  employed 
as  preliminary  steps  to  chemical  processes.  In  some  instances,  even  a  minuter 
division  of  bodies  is  necessary  than  can  be  accomplished  by  mechanical  means ;  and 
recourse  is  then  had  to  precipitation.  Silica,  for  example,  in  the  state  of  rock  crystal, 
may  be  boiled  for  a  long  time  in  liquid  potassa  without  any  appearance  of  chemical 
action.  It  may  even  be  bruised  to  the  finest  powder,  without  being  rendered  sensibly 
soluble.  But  when  first  precipitated  from  a  state  of  chemical  solution,  it  is  readily  dis- 
solved by  that  menstruum,  and  even  by  some  weak  acids. 

A  valuable  process  in  analytical  chemistry  depends  on  the  application  of  this  prin- 
ciple, and  its  remembrance  may  be  fSeu^ilitated  by  its  introduction  in  this  place.  In  the 
analysis  of  a  silicious  mineral,  after  every  constituent  of  which  it  is  made  up  has  been 
brought  into  solution,  the  silica  is  separated  by  evaporating  the  whole  to  dryness,  and 
adding  an  aoid.  Previous  to  evaporation,  the  silica  was  soluble  both  in  acids  and 
alkalies,  apparently  because  its  cohesion  was  reduced  to  the  lowest  grade.     After 
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eyaporation  it  is  no  longer  soluble,  apparently  because  the  cohesion  between  its  particles 
has  been  increased  by  the  contraction  due  to  the  evolution  of  the  solvent  in  which  it  was 
held.  Hence,  in  actual  analysis^  the  whole  evaporated  matters  being  treated  with  an 
acid,  eveiy  constituent,  siHca  excepted,  Is  dissolved. 

Cohesion  may  be  counteracted  by  heat,  applied  so  as  to  melt  one  or  both  of  the 
bodies,  if  fusible;  or  to  raise  them  into  vapour,  if  volatile.  Lead  and  sulphur 
contract  no  union,  tiU  one  or  both  of  them  are  melted  by  heat  Arsenic  and  sulphur 
are  united  most  effectually,  by  bringing  them  into  contact,  when  both  are  in  a  state  of 
vapour. 

Cohesion  may  also  be  counteracted  by  solution  ;  and  this  is  so  general  a  condition 
of  chemical  union,  that  it  was  formerly  received  as  an  axiom,  that  bodies  do  not 
act  on  each  others  unless  one  or  both  are  in  a  state  of  solution  ;  a  principle,  to  which  the 
progress  of  chemical  science  has  since  discovered  many  exceptions. 

Solution  is  a  term  applied  to  a  very  extensive  class  of  phenomena.  When  a  solid 
disappears  in  a  liquid,  if  the  compoiuxd  exhibit  perfect  transparency,  we  have  an  example 
of  solution.  The  expression  is  applied,  both  to  the  act  of  combination,  and  to  the  result 
of  the  process.  When  common  salt,  such  as  is  used  ia  cookery,  is  agitated  with  water, 
it  disappears ;  in  other  words,  its  solution  takes  place ;  and  we  also  term  the  liquid 
which  is  obtained  a  solution  of  salt  in  water.  This  is  one  of  the  simplest  cases  that 
can  be  adduced  of  the  efficiency  of  chemical  affinity ;  for  solution  is  always  the  result 
of  an  affinity  between  the  fluid  and  the  solid  which  is  acted  upon,  often  feeble  it  is 
true,  yet  sufficient  in  force  to  overcome  the  cohesion  of  the  solid.  This  affinity  con- 
tinues to  act,  until,  at  length,  a  certain  point  is  attained,  where  the  affinity  of  the 
solid  and  fluid  for  each  other  is  balanced  by  the  cohesion  of  the  solid,  and  the  solution 
cannot  be  carried  farther.  This  point  is  called  saturation,  and  the  fluid  obtained  is 
termed  a  saturated  solution. 

With  respect  to  common  salt,  water  acquires  no  increase  of  its  solvent  power  by 
the  application  of  heat ;  but  there  are  various  salts  with  which  water,  fchough  satu- 
rated at  the  common  temperature  of  the  atmosphere,  is  yet  capable  of  dissolving  a 
farther  quantity  by  an  increase  of  its  temperature.  When  a  solution,  thus  charged 
with  an  additional  quantity  of  salt,  is  allowed  to  cool,  the  second  portion  of  salt  is 
deposited  in  a  form  resembling  its  original  one.  In  a  few  instances  the  solvent  power 
of  water  is  diminished  by  raising  its  temperature.  Of  this,  an  exampk  is  famished 
by  quicklime,  which  dissolves  more  abundantly  in  cold  than  m  hot  water.  Some  salts, 
also,  have  the  property  of  dissolving  most  abundantly  in  water  of  a  certain  tempe- 
rature, and  of  being  less  soluble  either  above  or  below  that  temperature.  Such  are 
the  sulphate  and  seleniate  of  soda  (35  Ann.  de  Ch.  et  de  Phys.  102). 

CvystallixfttioiL. — ^To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
with  the  temperature  of  the  solvent,  as  common  salt,  it  is  necessary  to  expel  a  portion 
of  the  fluid  by  heat.  This  consdtates  the  process  of  evaporation.  If  the  evaporation 
be  carried  on  very  slowly,  so  that  the  particles  of  the  solid  may  approach  each  other  in 
the  way  best  adapted  to  them,  we  obtain  solid  figures,  of  a  regular  shape,  called  erys' 
tals.  The  crystallization  of  a  solid  may  also  take  place  from  that  state  of  fluidity  which 
is  produced  by  heat  Thus  several  of  the  metals  crystallize  on  cooling  from  a  melted 
state;  and  some  volatile  bodies,  as  arsenic,  assume,  when  condensed  from  the  state  of 
vapour,  the  shape  of  regular  crystals. 

In  the  act  of  separating  from  the  water  in'which  they  were  dissolved,  ike  crystals 
of  almost  all  salts  cany  with  them  a  quantity  of  water,  which  is  essential  to  the  regu- 
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larity  c^ilielr  ftmn,  and  onmot  be  toqpdlediritiioiiiisdDBUDgtheaffc  to  ahapelMS  maiwii 
It  istermed  their  waUr of  enfitaUiutUon,  Its  proportion  Taries  in  dii&nn^  Baits ;  in 
some  it  is  extremely  small ;  in  otbem  it  constitiiteB  the  principal  part  of  tibe  salt^  and 
is  even  so  abundant  as  to  liquefy  them  on  the  application  of  heat,  prodncing  what  is 
called  the  foateiy  fusion.  In  ereiy  salt  it  exists,  not  in  an  nnoertain  bat  in,a  definite 
proportion,  beaaring  in  tiie  same  salt  the  same  ratio  to  the  solid  saline  matter,  but  dif- 
fering for  different  salts.  Ilie  water  of  GEystaUization  is  retained  also  in  difEsrent  salts 
with  yery  di£Ebrent  degrees  of  fbree.  Some  <zystal%  wliich  lose  their  watery  ingredient 
by  mere  exposure  to  the  atmosphere,  are  said  to  effloresce ;  or  in  some  the  loss  is  ao 
complete  tfant  they  become  m^yimus}  thatia,  others  r^ain  Yariable  quantities  of  water, 
according  to  the  hygrometiic  state  of  tiie  air.  (Ann.  de  Ok.  et  de  £h.  xxxii  334^) 
Oiher  salts,  on  the  eontrary,  not  only  hold  their  water  of  crystalliaation  Tery  strongly^ 
but  eyen  attract  more ;  and,  on  exposore  to  tiie  atoKM^heie,  beeome  liquid,  or  deUquimU. 
The  property  itsdf  is  oalled  ieliquuemee.  There  are,  howerer,  a  few  salts  (aa  sulphate 
of  potassa  and  chloride  of  sodium)  which,  thou^  their  fbixns  are  perfectly  regular, 
contain  essentially  no  water  of  crystfllliTOtion,  but  yet  hold  a  yery  small  portion, 
mechanically  retained  between  the  plates  of  their  crystals. 

WhffiQ  two  salts  are  contained  in  tiie  same  stdution,  which  yary  in  their  degree  of 
8(dubility,  and  which  ^haye  no  remaricable  attraction  for  each  other,  they  may  be 
obtained  eepaittte*  For  by  carefuUy  reducing  the  quantity  of  the  solyent  by  eyapora* 
tion,  the  salt  whose  partides  haiye  tiie  greatest  cohesion  will  crystallize  iirst  If  both 
salts  are  more  soluble  in  hot  than  in  cold  water,  the  crystals  will  not  appear  till  tiie 
liquid  cook.  But  if  one  of  them,  like  commoii  salt,  is  equally  iDluble  in  bot  and-  in 
cold  water,  crystala  will  appear,  eyen  during  the  act  of  eyopontioii.  In  this  way  we 
may  sepaarate  nitre  from  common  salt,  the  crystals  of  the  latter  being  formed  during 
eyaporation ;  while  those  of  nitre  do  not  appear  till  some  time  after  ilie  fluid  has  cooled. 

Salts,  whidi  are  deposited  in  regular  shapes,  generally  adhere  to  the  surfisioe  of  the 
yessel  containing  tiie  solution,  or  to  any  substance,  such  as  pieces  of  thread  or  of  wood, 
introduood  for  the  purpose  of  collecting  them.  Bui  a  still  more  effiectual  way  of 
inducing  crystallization  is  to  immerse,  in  the  solution,  a  crystal  of  the  same  kind  with 
liiat  which  we  expect  to  be  formed.  The  crystal,  thus  exposed,  receiyes  succesaiye 
additions  to  its  seyeral  sur&ces,  and  preseryes  its  form,  with  a  considerable  addition  to 
its  magnitude.  Tbis  cmious  fact  was  originally  noticed  by  Le  Blanc,  who  has  founded 
on  it  a  method  of  obtaining  large  and  perfect  crystals. 

In  some  iDatances,  the  aiSnily  of  a  salt  for  its  solyent  is  so  powerful,  that  it  will 
not  separate  from  it  in  the  form  oi  crjBtals ;  but  will  yet  crystallize  fiom  another  fluid, 
which  is  capable  of  dissolying  it,  and  for  which  it  has  a  weaker  afllaity.  Potassa,  for 
instance,  cannot  be  made  to  crystallize  from  its  watery  solution,  bat  will  yst  aepsrate, 
in  a  regular  fbnn,  fsxtta.  its  solution  in  aleohol. 

IV>  dear  away  from  any  crystalline  pzodnct  &e  mother  water^  as  the  remaaning 
fluid  has  been  called,  Robiquet  reoommends  ^ko  tranaadsston,  by  suotion,  ot  a  cumnt 
of  air  timngh  the  crystals.  Theaimplestwmyof  doing  thisis  to^aoetheerystdain 
a  glass  fromd,  tibe  pipe  of  which  is  kxwdy  stopped  by  a  little  oetten  wool,  and  then 
flxed  in  one  of  1^  mottdu  of  a  Pmhmdktd  bottle,  ^le  juncture  being  made  aa  nearly 
alr-Hght  as  ponible.  A»  bent  tnbe  faring  ake  flaed  tightly  into  tin  o&sr  agedE^  and 
the  air  sucked  through  this  tube,  the  crystals  are  deaned  in  a  few  aaoaods* 

KiiuMBl;wiikaMiy  foreign  wiiteH  ondMnartryin  mdoiadMtaotian  betireen 
ihiammda^dPttm^mms^auliontsAdistauUaH.    Bjih»§aBaaut^iSKf 
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mtxe  GOim&mQn  a£  a  «olid  into  a  liquid  by  some  menstniusiy  or  the  unioa  of  two 
liquids  ynth.  each  oihei^  viiheot  any  other  chazige  of  quality  beinf;;  effiroted,  except  aa 
regard  the  elate  of  w^eaion ;  hy  the  latter,  they  understand  not  only  the  OYerooiuiii^ 
of  eohesioii,  hut  the  alteiatioa  of  ehemieal  qualil^.  Thus  commosi  aoda  (cBrbonate  of 
so^),  if  treated  with  a  suffioietit  amount  of  water,  becomes  conyertcd  into  an  alkaline 
liquid,  from  which,  if  the  water  be  didTen  away  by  heat,  carbonate  of  soda  unchanged 
remains ;.  but  if^  instead  of  water,  sulphuric  acid  (oil  of  Titrid}  be  used,  then  the  soda 
iS)  as  before^  liquefied,  but  its  chemical  constitution  is  altered ;  so  that,  on  driving  the 
exioess  of  fluid  away^  eacbonate  of  soda  is  no  longer  reproduced,  but  a  combination  of  it 
with  sulphuric  acid. 

The  attraction  of  cohesion  is  the  force  which,  as  we  have  seen,  causes  similar  par- 
tidbss  to  beoMBe  agjpregated  into  a  mass.  But  masses  thus  generated  may  be  charac- 
terised by  one  of  two  physical  qualities.  They  may  either  assume  well-defined  regular 
attwfVit  bounded  by  planes  and  angles,  or  they  may  be  totally  deyoid  of  such  regular 
shape.  Bodies  of  the  former  kind  are  said  to  be  crystalline ;  and  the  mathematical 
solids  which  they  generate  are  termed  crystals.  Those  of  the  second  kind  are  tenned 
aiMStphous— that  is>  wilhout  fionn  (definite  mathematical  form  understood) ;  and  bodies 
generating. such  uMiinen  are  said  to  be  amorphous, 

A  casual  examination  of  solids  would  lead  to  the  impression  that  the  crystalline 
state  is  the  exertion,  not  the  rale,  and  that  by  far  the  greater  number  of  bodies  is 
amorphoas.  There  is  reason  to  believe,  however,  that  the  direct  opposite  of  this  is 
true— tiiat  all  solids  possess  the  tendency  to  assume  a  r^ulaily  crystallized  condition ; 
and  when  the  reverse  obtains,  it  is  due  to  a  variety  of  interfering  causes.  Bodies, 
aeemin^y  the  most  opposed  to  the  crystidline  state,  nevertheless  can  be  sometimes 
made  to  assume  it  by  artificial  means ;  and  many  bodies,  seemingly  amorphous,  can,  by 
a  treatment  hereafter  to  be  described,  be  demonstrated  to  contain  within  their  sub- 
staooe  dystals  in  a  latent  form. 

As  an  example  of  the  fcmner,  tiie  simple  bodies,  sulphur  and  phosphorus,  may  be 
mentioned;  neither  of  whieh^  in  its  oonmion  state,  has  tiie  appearance  of  crystallisation ; 
sidphur  being  a  well-known  hard  amorphous  substance,  and  phos^onis  soft  like  wax. 
Each,  however,  may  be  made  to  crystallise  by  proper  treatment ;  and  so  strongly 
developed  is  the  ^crystalliBe  tendency  in  sulphur,  that  it  may  be  made  to  crystallize  in 
two  difGsrent  systems. 

Carbon  may  be  cited  as  another  instance.  In  the  most  usual  ccmdition  in  which 
this  element  oocurs,  namely,  as  charcoal,  it  is  totally  devoid  of  crystalline  aspect. 
Nevertheless,  und^  modified  esroamstances,  it  not  only  crystalliiies,  but,  like  sulphur, 
erystalliaes  in  two  distinct  systematic  fimns.  In  the  diamond,  carbon  fttmidies  crystals 
beJsaiging  to  a  system  presently  to  be  treated  as  the  cubic  or  tessular ;  and  in  plumbago 
it  flryBtaUises  in  the  rfaombohedxal  system. 

As  examples  of  bodies  not  seemingly  crystalline,  out  of  which,  nevertheless,  a 
ersntaUiOfi  stnictuve  may  be  deveik^ed,  the  following  instances  may  be  selected. 

The  ORud  form  of  alnm  is  orjpstalline ;  but  not  unfrequently  masses  of  it,  seemingly 
aBiocphoa%  may  be  observed.  If  one  -of  these  masses  be  immessed  in  a  limited  portion 
of  eold  water  (abont  1600  graiiis  oi  ahim  to  15  measured  ounces  of  water),  be  set  by  in 
aquMt  gtaee  for  three  or  imut  w«ehs,  and  attentively  wwtohed,  the  fbUowing  pheno- 
■MMi^wfli  he  reeogvsed.  The  ahim,  beiog  vary  solidde  in  water,  will  begin  to  dis- 
8eh<e,  bal;  not  r^gulaify  emry  partef  its  snfboe  alike,  b«t  at  iaCer^aU  poxtkms  will 
bedia«>lMidoel^l0amiig0lhflr  pwtMmsii^^  upon  bythe  solvteat.    Qtiduaaiy  ffce 
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remaining  portions  will  be  seen  to  have  assumed  crystalline  fonns  of  octohedrons,  and 
sections  of  octohedrons  in  higli  relief,  and  of  various  dimensions.  These  will  haye 
witlistood  the  disintegrating  agency  of  the  water,  apparently  because  of  the  greater 
permanency  imparted  to  them  by  that  complete  exercise  of  cohesire  force  which  had 

been  employed  to  generate  crystalline 
forms.    This  new  process  of  dissection 
I    admits  of  extensive  application.    Borax 
in  the  course  of  six  weeks  exhibits  eight- 
sided  prisms  with  various  terminations ; 
and  other  salts  may  be  made  to  unfold 
their  external  structure  by  the    slow 
agency  of  water.     Carbonate  of  lime, 
carbonate  of  strontia,  and  carbonate  of 
baryta,  give  also  distinct  results  when 
acted  upon  by  weak  acids;  and  even 
amorphous  masses  of  metals,  which  have 
a  tendency  to  assume  the  crystalline 
form,  such  as  bismuth,  antimony,  and 
nickel,   when  exposed   to  very   dilute 
nitric  acid,  presented  at  the  end  of  a  few 
days  distinct  crystalline  forms.    Large  crystals  of  sulphuret  of  antimony,  as  discovered 
by  Mr.  Faraday,  admirably  illustrate  this ;  and  it  is  also  Mr.  Daniell's  mode  of  dis- 
playing crystalline  texture.    When  such  a  crystal  is  introduced  into  a  portion  of  fused 
sulphuret,  it  is  found  to  melt  down,  but  not  uniformly,  for  crystals  are  left  more  than 
half  an  inch  long  projecting  from  it.    (Quart.  Joum.  i.  24,  and  xi.  202 ;  also  Journal 
of  Eoyal  Institution,  vol.  ii.) 

In  this  manner,  by  employing  proper  solvents,  many  bodies,  not  commonly  asso- 
ciated in  our  minds  with  the  crystalline  character,  may  be  shown  either  to  contain 
crystals,  or  to  manifest  such  appearances  as  shall  be  indicative  of  that  exercise  of 
regular  cohesive  force  which,  if  further  developed,  would  have  ended  in  crystallization. 
Thus,  if  a  piece  of  tough  iron  wire  be  exposed  to  the  action  of  weak  sulphuric  acid  and 
water,  it  will  not  be  dissolved  on  all  parts  alike,  but  the  phenomenon  manifested  by  the 
alum  will  be  repeated,  although  to  a  less  marked  extent.  Eegular  crystals  wiU  not  be 
developed  (although  iron  is  capable  of  assuming  such) ;  but  long  strisB  wiU  appear 
giving  the  iron  the  aspect  of  a  fluted  column,  and  indicating  that  even  in  this  seemingly 
amorphous  mass  the  power  of  cohesion  had  begun  to  assume  a  certain  symmetry  of  agency. 
Before  proceeding  to  cite  other  instances  of  seemingly  amorphous  masses  developing 
under  proper  treatment  a  crystalline  structure,  I  shall  here  mention  a  point  of  deep 
practical  interest  as  concerns  the  semi-crystalline  state,  which  even  wrought-iron 
(cast-iron  is  obviously  crystalline)  possesses  to  a  slight  extent,  and  which  can  be  fur- 
ther developed.  It  is  said  that  a  wrought-iron  bar,  however  non-crystalline,  and 
therefore  tough,  may,  by  a  series  of  beatings,  hammerings,  or  other  concussions,  be 
made  to  assume  the  semi-crystalline  character.  This  is  what  theoiy  would  have 
indicated  a  priori^  and  is  quite  consistent  with  analogies.  The  importance  of  being 
aware  of  this  fact  is  very  great.  The  tenacity  or  toughness  of  iron  entirely  depends  on 
its  freedom  from  the  non-crystalline  state ;  hence  the  acquisition  ]of  this  state  must 
necessarily  prove  detrimental,  often  dangerous,  in  aU  cases  involving  the  use  of  wrought- 
iron  for  engineering  purposes.     Attention  has  been  chiefly  directed  to  the  fact  in 
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reference  to  the  axles  of  railway  carriages,  which  are  said  to  become  brittle  after  long 
use,  on  account  of  the  continuous  friction  and  percussion  to  which,  whilst  in  use,  they 
are  exposed,  gradually  inducing  the  crystalline  state.  This  is  just  what  might  have 
been  expected,  a  priori.  Parallel  instances  are  frequently  seen.  For  example,  the 
non-crystalline  or  amorphous  character  of  barley-sugar  is  well-known ;  yet  in  this 
substance  the  tendency  to  a  crystalline  state  is  so  far  from  being  absent,  that  when  set 
aside  for  a  time,  and  more  especially  if  exposed  to  the  solar  rays,  minute  crystals  first 
become  developed  on  its  surface,  imparting  a  general  aspect  of  opacity.  Gradually 
these  crystals  extend,  penetrating  deep  into  the  substance,  until  the  whole  stick 
becomes  crystalline.  Whilst  the  barley-sugar  was  amorphous  and  transparent  it  was 
also  tough ;  now,  however,  it  will  be  found  to  have  become  brittie,  and  may  be  frac- 
tured by  a  slight  blow,  or  broken  asunder  by  the  application  of  a  slight  lateral  force. 

Brass-wire  ftimishes  another  example  of  the  assiunption  of  a  crystalline  state  by  an 
originally  non-crystalline  body.  "When  new,  it  is  remarkably  tough  and  pliable ;  yet 
after  it  has  hung  for  some  time  exposed  to  mutations  of  temperature,  and  the  agency 
of  chemical  fumes,  as  in  a  laboratory,  for  instance,  it  occasionally  becomes  so  brittie 
that  a  very  slight  force  serves  to  rend  its  particles  asimder.  Silver  occasionally  assumes 
a  precisely  similar  condition,  as  may  frequently  be  observed  in  vessels  of  this  metal 
used  for  chemical  purposes,  and  exposed  to  sudden  mutations  of  heat  and  cold.  Glass, 
too,  although  completely  amorphous  when  first  made,  takes  on  the  ciystalline  aspect 
by  age.  Many  specimens  of  ancient  Egyptian,  Roman,  and  Grecian  manufacture  have 
come  down  to  us  in  this  condition. 

A  similar  observation  has  been  made  by  Dr.  M*CuUoch,  as  regards  the  crystalline 
texture  sometimes  acquired  by  certain  sorts  of  sandstone  which  have  suffered  long 
exposure  to  heat,  as  forming  the  hearths  of  furnaces.  Common  white  arsenic  (arsenious 
acid)  also  presents  a  familiar  example  of  an  amorphous  body  changing  to  a  crystalline 
one.  When  newly  sublimed  arsenious  acid  is  usually  transparent  like  glass,  and  pre- 
sents a  conchoidal  fracture ;  but  after  the  lapse  of  a  certain  period  it  becomes  opaque, 
owing  to  the  formation  of  innumerable  crystals.  TMs  change,  although  usually  the 
result  of  a  considerable  time,  sometimes  takes  place  suddenly,  as  Professor  Rose  has 
remarked;  and  in  connexion  with  the  sudden  change  he  has  mentioned  a  curious 
phenomenon.  If  the  vitreous  acid  be  dissolved  in  hot  dilute  hydrochloric  acid,  crystals 
of  the  opaque  variety  are  occasionally  deposited,  a  bright  flash  of  light  being  emitted 
at  the  formation  of  each  crystal.  If  the  hydrochloric  acid  solution  be  made  with  the 
crystalline  instead  of  the  vitreous  arsenious  acid,  the  peculiar  result  just  mentioned 
does  not  take  place. 

It  would  appear,  then,  from  a  consideration  of  these  instances,  that  the  amorphous 
state  of  cohesion  is  by  no  means  to  be  considered  as  the  more  general  tendency  of 
inorganic  matter. 

Not  alone  do  many  seemingly  amorphous  bodies  gradually  a.ssume  a  crystalline 
character,  but  certain  crystals  have  been  found  to  separate  themselves  after  a  time  into 
smaller  fragmentary  crystals,  sometimes  of  a  different  shape.  Thus,  if  crystals  of 
sulphate  of  magnesia,  or  sulphate  of  zinc,  be  heated  in  oil  to  a  temperature  of  about 
126*'  they  become  opaque ;  and  on  being  fractured  the  particles  are  found  to  consist  of 
a  multitude  of  littie  crystals.  (Methuon  in  Quart.  Jour.  1.,  p.  123  ;  Gregory  Watts, 
Ph.  Trans.  1804,  p.  279 ;  also  Mitscherlich).  Prismatic  crystals  of  sulphate  of  nickel 
and  seleniate  of  zinc  (Brande,  Manual,  p.  129)  when  exposed  to  the  sim  become 
opaque,  and  break  up  into  small  octohedrons. 
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It  is  necesfiary  to  remember  that  tlui  asipellfttioii  o-wor^^ttf,  Muxof^  WteuSlj 
SLgDifying  absence  of  fozm^  is  used  by  writers  oa.  crystaXbgxapby  merely  to  indicate 
tbe  absence  of  one  qoality  of  form,  namely^  thai  defined  by  strai^t  lines  and  aaglas. 
The  quality  of  form  manifested  by  organic  beings,  and  characterized  by  cnryes,  is  not 
t%ken  cognizance  of  by  the  term  amorphous.  .  In  general  terms  we  may  state  that  the 
peculiar  exercise  of  cohesion,  which  results  in  the  fonnation  of  crystals,  belongs  exdu^ 
siy^ly  to  inorganic  bodies,  and  is  incompatible  with  the  existence  of  11&.  Henee  a 
crystal  may,  in  general Jerms,  be  stated  as  the  most  perfect  manifestation  of  a  dead,  as 
an  organ  is  the  highest  manifestation  of  a  vital  oar  living,  being. 

In  ordinary  language,  the  term  crystal  is  associated  with  transpai^ency ;  in  the 
language  of  science,  however,  this  idea  is  much  extended.  A  crystal  need  net  be 
transparent,  nor  colourless ;  on  the  contrary,  it  may  be  of  asny  degree  of  opacity  and  of 
colour,  the  only  quality  necessary  for  it  to  possess,  in  order  to  come  imder  the  denomi- 
nation of  a  crystal,  being  that  of  filling  a  space  bounded  by  right  lines  and  angles. 

The  next  important  point  to  be  investigated,  in  the  study  of  crystals,  is  the  different 
amount  of  cohesive  force  exercised  in  different  parts  of  a  crystal.  Thus,  for  instance, 
it  is  well  known  to  lapidaries  that  a  crystallized  precious  stone  cannot  be  cut  with 
equal  facility  in  all  directions.  It  is  equally  well  known  to  mineralogists,  also,  that 
crystalline  minerals,  when  let  fall,  or  struck  at  random  with  a  hammer,  do  not  break 
irregularly,  as  might  without  trial  have  been  supposed,  but  shiver  into  geometrical 
.  fragments,  having  some  close  relation  to  the  original  form.  In  this  way  mineralogists 
have  dissected  crystalline  bodies,  so  to  speak,  with  the  object  of  discovering  the 
primitive  forms  of  which  they  were  assumed  to  be  composed. 

The  usual  figure  of  Derbyshire  or  Fluor-spar,  is  a  cube,  which,  if  wo  strike  with 


z?^=^=^ 
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a  hammer  in  various  directions,  will  only  be  found  to  yield  rea^y  in  one  series.  The 
solid  angles  readily  chip  off,  but  it  will  be  impossible  to  strike 
or  cut  off  regular  slices  parallel  with  the  cubic  faees.  Pro- 
ceeding in  this  way,  dlssei^ting  off  the  angles  or  comers  by 
degrees,  we  develop  a  new  series  of  forms.  First  of  all  we 
destroy  any,  or  all,  of  the  four  solid  angles  of  the  eube,  re- 
placing them  by  plane  triangles-- increaong  in  area  as  the 
dissection  proceeds — ^until  we  end  by  generating  a  figure  with 
eight  sides,  the  octahedron  witib.  square  base,  and  which  may 
be  conceived  to  be  the  result  of  pkcing  togetito,  base  to  base, 
a  pair  of  tetrahedrons. 
One  usual  form  of  ealc  spar  is  a  sixrsided  flgore,  with  plane  ends  (the  hexagonal 

jffism).    If  we  proceed  to  dissect  a  crystal  of  this  kind  we  shall  find  another  law  of 
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dearage  to  be  manifested.  Here,  it  is  not  the  solid  angles  yrhich.  yield  to  the 
How,  nor  afl  of  the  sides  indiscrimiiistely ,  but  the  dearage  takes  place  as  follows  :— 
Of  tke  sijE  edges  on  the  superior  plane  of  the  crystal,  three  yield  in  a  tdsnting 
direction;  and  out  of  the  six  edges  on  the  inferior  plane  three 
also  yield  in  this  manner;  but  in  a  ctmdition  of  double  alter- 
nation, that  is  to  say,  numbering  the  correspon£ng  superior 
and  inferior  planes,  as  in  the  diagram;  those  of  the  superior 
plane  which  yield  corresponding  with  the 
numbers  2  4  6;  those  of  the  inferior  plane 
which  yield  will  be  13  5.  Proceeding  in 
this  way  with  the  dissection,  we  iQtimately 
arrive  at  what  has  been  called  the  primitive 
form  of  the  Iceland  spar,  namely,  a  rhombo- 
hedron,  or  solid  figure,  all  of  whose  sides  are 
parallel,  and  whose  planes  gre  rhombs ; 
moreover,  the  cohesive  force  which  deter- 
mines the  formation  of  this  rhombohedron  is 
so  nicely  balanced  that  the  angles  which  measure  its  superficies  are  105«>  6' ;  and 
inasmuch  as  no  known  substance  crystallizes  in  rhombs  of  exactly  this  angle,  a 
mineralogical  characteristic  of  Iceland  spar  is  obtained.  Other  bodies  crystallize  in 
obtuse  rhombohedrons ;  thus,  for  instance,  pearl-spar,  iron-spar,  and  tourmaline 
crystallize  in  rhombohedrons ;  but  the  rhombohedrons  in  all  these  cases  vary  as  to 
the  measurement  of  tbe  angles.  The  primitive  angle  of  pearl-spar  is  106°  5',  of  iron 
spar  lOr  (WoUaston,  Phil.  Trans.,  1812),  and  of  tourmaline  US'*  10'. 

In  stating  these  measurements,  however,  it  is  necessary  to  remark  that  they  are 
only  correct  for  a  mean  temperature  of  60^  F.  It  will  be  shown  hereafter  that  it  is  a 
property  of  all  crystals,  save  those  belonging  to  the  tessidar  or  cubic  system,  to  expand 
imequally  on  being  heated,  and,  therefore,  to  cause  an  angular  variation.  Mitsch^lich 
(Ann.  de  Ch.  et  Phys.  xxv.,  108)  has  remarked  that  the  angular  variation  of  Iceland 
spar,  between  the  temperatures  of  32°  F.  and  212%  differs  to  the  extent  of  8°  5' ;  that 
is  to  say  the  smaller  axis  of  the  rhomboid  dilates  more  than  the  longer,  thus  causing 
the  rhombohedron  to  approach  the  cubic  form. 

Although  every  body  susceptible  of  crystallization  assumes  a  limited  number  of 
crystalline  forms,  which  generally  belong  to  one  particular  system  for  each  body, 
yet  it  is  not  a  fact,  as  was  once  supposed,  that  identity  of  crystalline  form  bespeaks 
identity  of  chemical  composition.  The  recognition  of  crystalline  forms,  however, 
by  the  exact  measurement  of  crystalline  angles,  is  so  necessary  a  part  of  chemical 
science  that  a  description  of  the  instruments  —  t^med  goniometers  —  for  effecting 
this  may  not  be  out  of  place  here,  although  the  science  of  Crystallography  has  been 
so  largely  dwelt  upon  in  another  department  of  this  work,  by  Professor  Tennant  and 

the  Rev.  "W*.  Mitchell,  as  to  render  any  lengthened 
details  unnecessary  here.  Carangeofs  goniometer,  re- 
presented by  the  following  wood-cut,  consists  of  two 
metal  rulers  listened  together  at  the  pivot  a,  in 
such  a  manner  as  to  constitute  a  pair  of  propor- 
tional compasses  in  the  ODgle  formed  by  the  diver- 
gent legs  of  which  the  angular  faces  of  the  crystal 
to  be  measured  is  put,  care  being  taken  that  the  legsr  of  the  e<nnpasses  touch  the 
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faces  of  the  crystal  in  lines  perpendicular  to  the  intersection  of  these  faces.  When 
the  legs  have  been  thus  adjusted  the  instrument  is  remoyed,  and  the  axis  a  being 
brought  into  coincidence  with  the  corresponding  point  on  the  plane,  joining  the 
two  ends  of  the  semicircular  protractor,  and  in  direct  parallelism  with  the  plane 
itself,  the  angular  value  of  the  two  sides  under  mea- 
surement may  be  read  off.  This  instrument,  although 
simple  in  its  operation,  is  obviously  incorrect  for 
the  greater  number  of  crystals ;  inasmuch  as  those 
which  are  not  large  and  perfectly  formed  are  ill- 
adapted  for  measurement  by  this  plan  of  operation. 
A  far  more  correct  instrument  was  devised  by  Dr. 
"Wollaston.  Its  agency  depends  not  upon  the  prin- 
ciple of  measurement  by  contact,  but  by  taking  as 
radius  the  ray  of  light  reflected  from  any  crystalline  face  (Phil.  Trans.,  1809).  The 
following  description  of  "Wollaston's  goniometer  is  taken 
from  the  new  edition  of  Phillip's  Mineralogy,  by  Pro- 
fessor Miller  and  Mr.  Brooke : 

"  A  graduated  circle,  L,  the  divisions  of  which  may 
be  read  off  to  minutes  by  means  of  a  vernier,  N,  is  fixed 
on  a  hollow  axle  which  may  be  turned  round  by  the 
g  milled  head,  M.  An  axle,  CS,  passing  through  the 
hollow  axle  of  L,  and  which  either  turns  with  the 
circle  L,  or  may  be  turned  independently  by  means  of 
the  milled  head  at  S,  carries  a  crooked  arm  GF.  The 
part  FG  is  connected  with  CF  by  a  joint  which  permits 
it  to  turn  round  an  axis  perpendicular  to  CS,  passing 
through  CS,  produced,  and  has  a  collar  at  G  in  which 
the  pin  HK  turns  and  slides,  with  its  axis  perpendicular 
to  the  axis  of  FG,  and  passing  through  the  point  in 
which  SC,  produced,  intersects  the  axis  of  FG.  The 
crystal  is  fastened  by  means  of  a  soft  cement  to  a 
thin  plate  of  metal  fixed  in  a  slit  at  K. 

In  order  to  measure  the  angle  between  two  faces  of  a  crystal,  proceed  as  follows  :— 
Let p  q\^  two  faces  of  a  crystal.  Make  the  intersection  of j?  q parallel  to  the  axis  of 
the  circle,  and  as  nearly  coincident  with  it  as  possible,  by  means  of  the  angular  motion 
of  F  G,  and  the  angular  and  sliding  motion  of  H  K.  Place  the  instrument  upon  a 
firm  stand,  and  let  A  B  be  two  signals  in  a  plane  passing  through  a  point  K  in  the 
intersection  of  the  faces  JD  3',  and  perpendicular  to  the  axis  of  the  circle.  Turn  the 
circle  till  the  image  of  one  of  the  signals  A,  seen  by  reflection  in  the  face  p,  coincides 
with  B  viewed  directly,  and  read  off  the  arc  at  which  zero  of  the  vernier  stands.  Now 
turn  the  circle  until  the  image  of  A,  seen  by  reflection  at  q^  coincides  with  B,  seen  by 
direct  vision,  and  read  off  the  arc  at  which  zero  of  the  vernier  stands.  The  difference 
of  the  two  readings  will  measure  the  angle  between  the  faces  p  q.  If  a  face  r  belong  to 
the  zone  of  p  q^  it  wiU  be  parallel  to  the  axis  of  the  circle,  and  therefore  in  some  one 
position  of  the  circle  the  image  of  A,  seen  by  reflection  in  r,  will  coincide  with  B  seen 
directly.  Hence,  in  order  to  find  the  faces  which  belong  to  the  zone  containing  two 
given  faces,  we  must  adjust  the  crystal  as  for  the  purpose  of  measuring  the  angle 
between  those  faces,  and  then,  while  the  circle  makes  one  revolution,  observe  the  faces 
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that  afford  by  reflectioii  images  of  A  passing  through  B.  In  order  to  make  A  B  K  the 
plane  through  the  two  signals,  and  the  crystal  perpendicular  to  the  axis  of  the  circle, 
turn  the  stand  of  the  instrument,  or  move  A  till  the  image  of  A,  seen  by  reflection  in 
the  plane  surface  of  the  circle,  or  in  any  bright  plane  surface  fixed  parallel  to  it,  coin- 
cides with  a  point  A  seen  directly ;  the  distance  of  which  from  A,  in  a  line  parallel  to 
the  axis,  is  equal  to  twice  the  distance  of  the  crystal  fit)m  the  plane  of  the  circle,  or 
from  the  reflecting  surface.  Let  a  solid,  having  two  bright  parallel  surfaces,  be  fixed 
in  the  place  of  the  crystal,  and  adjusted  tiU  the  image  of  A,  seen  by  reflection  in  either 
surface,  describes  the  same  path  while  the  circle  revolves,  and  place  the  lower  signal 
B  in  the  path  traced  out  by  the  image  of  A.  Having  thus  made  the  plane  A  B  K 
perpendicular  to  the  axis  of  the  instrument,  the  intersection  of  the  faces  pgis  known 
to  be  parallel  to  the  axis,  when,  on  turning  the  miUed  head  S,  the  images  of  A,  seen 
by  reflection  in.  p  Qy  are  observed  to  pass  through  B.  The  adjustment  of  the  edge  p  q 
is  most  easily  made  by  cementing  the  crystal  to  the  plate  K  with  one  of  the  two  faces 
p — for  example,  nearly  parallel  to  the  plate,  which  is  to  be  fixed  in  the  slit  at  the  end  of 
H  K,  so  that  the  intersection  of  pq  may  be  nearly  perpendicular  to  H  K,  and  therefore 
H  K  nearly  perpendicular  to  C  S.  By  turning  H  K  round  its  axis,  the  path  of  the 
image  of  A,  seen  in  ^,  may  be  made  to  pass  through  B ;  and  then,  by  turning  F  G  on 
its  axle  at  F,  the  path  of  the  image  of  A,  seen  in  p,  may  be  made  to  pass  through  B ; 
and  then,  by  turning  F  G  on  its  axle  at  F,  the  path  of  the  image  of  A,  seen  in  q,  may 
be  mad«  to  pass  through  B.  Should  the  latter  adjustment  disturb  the  former,  the 
process  must  be  repeated.  The  instrument,  as  it  is  usually  constructed  in  this  country, 
is  encumbered  with  a  spring  stop,  which  allows  the  circle  to  be  turned  in  one  direction 
only,  and  serves  to  fix  it,  not  very  accurately,  at  0  or  180°.  This  should  be  removed 
by  taking  out  the  screws  which  fasten  it. 

In  using  the  instrument,  it  wiU  be  found  most  convenient  to  turn  it  in  such  a 
direction  that  the  degrees  increase  in  passing  from  one  face  to  the  next. 

The  distances  of  the  two  signals  from,  the  crystal  should  be  nearly  equal,  and  not 
less  than  six  or  eight  feet.  The  more  distant  the  better.  The  upper  signal,  when  the 
observations  are  made  in  the  day-time,  may  be  a  narrow  black  bar,  or  a  horizontal  slit 
in  a  screen  placed  in  the  upper  part  of  a  window,  parallel  to  the  axis  of  the  circle ;  and 
the  lower  signal,  a  white  line  oA  a  black  ground,  also  parallel  to  the  axis  of  the  circle. 
In  some  cases  an  image  of  the  sun,  formed  by  a  lens  of  short  focal  length,  or  a  small 
round  hole  in  a  screen,  through  which  the  light  of  the  day  is  seen,  may  be  used  with 
advantage  for  the  upper  signal.  If  we  make  our  observations  at  night,  two  narrow 
dits  in  screens  (through  one  of  which  is  seen  the  flame  of  a  candle,  and  through  the 
other  a  sheet  of  paper  illuminated  by  a  candle  placed  behind  it),  answer  extremely  well 
for  the  upper  and  lower  signals  respectively. 

The  best  bright  signal  is  obtained  by  reflecting  the  light  of  the  sun  from  a  plane 
mirror,  or  heliostat,  through  a  triangular  opening  in  a  plate  of  metal,  which,  by  means 
of  a  slider,  may  be  diminished  or  increased  according  as  the  faces  of  the  crystal  are 
more  or  less  perfect.  The  faint  signal  may  be  a  horizontal  slit  in  a  plate  of  metal, 
illuminated  by  a  sheet  of  white  paper  placed  behind  it,  viewed  by  reflection  in  a  mirror 
of  black  glass.  The  signals  A  B  may  then  be  nearly  on  a  level  with  the  eye  of  the 
observer,  and  need  not  be  more  than  six  inches  distant  from  each  other.  In  making  our 
observations,  we  flnd  that  the  image  of  A,  seen  by  reflection  in  a  face  of  the  crystal,  is 
made  to  coincide  with  the  image  of  B,  seen  by  reflection  in  the  mirror,  which  should 
make  an  angle  of  about  40*  with  a  horizontal  plane.    "When  the  mirror  is  attached  to  : 
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the  foot  of  thfi  goniometGr,  any  unsteadinefis,  in  the  support  of  the  goniameter,  will 
not  t£Eeet  the  accuracy  of  the  obseryations. 

It  is  not  essential  that  the  axis  of  the  goniometer  should  be  horizontal.  A  gonio- 
meter  with  a  rertical  axis,  though  periiaps  not  quite  so  conTenient  in  uea,  is  free  from 
soma  sources  of  inaccuracy  to  which  a  goniometer  with  a  horizontal  axis  is  subject. 

When  the  points  o£p  q,  at  which  the  reflections  take  place,  are  not  equally  distant 
iaxaa  the  axis  of  the  circle,  the  angle  through  which  the  cii-cb  revolyes  between  the 
two  obseryations  will  differ  slightly  from  the  angle  between  the  faces  ^  ^.  This  error 
may  be  eliminated  when  the  angles  A  B  are  nearly  eqtddistant  J&om  the  crystal,  by 
turning  the  instrument  half  round  in  azimuth,  and  repeating  the  obseryation.  A 
mean  of  the  two  results  will  be  free  from  the  error  arising  from  the  eccentricity  of 
the  points  at  which  the  reflection  takes  place. 

When  either  of  the  faces  is  large,  it  should  be  blackened  oyer,  except  at  the  point 
where  it  is  intended  the  reflection  should  take  place.  Any  error  that  may  arise  from 
imperfect  centring  of  the  circle,  will  be  eliminated,  if  the  obseryations  be  repeated,  so 
that  observations  at  a  giyen  face  be  made  with  zero  of  the  yemier  at  points  of  the 
graduated  circle,  distant  nearly  180°  from  each  other.  In  many  crystals  not  belonging 
to  the  cubic  system,  Mitscherlich  discoyered  that  the  angles  between  certain  faces  yary 
slightly  with  the  temperature  of  the  crystal ;  thus  the  directions  of  the  deayages  of 
calcite,  which,  at  the  ordinary  temperature  of  the  atmosphere,  make  angles  of  75"*  65' 
with  each  other,  become  more  nearly  right-angled  by  8"  5',  when  the  temperature  of 
the  crystal  is  increased  to  212°  Fah. 

Vxftctical  AppUcationa.— Hitherto  ihe  theory  of  crystallization  has  been  con- 
sidered abstractedly ;  it  now;  remains,  therefore,  to  discuss  certain  useful  applications 
of  crystallographic  knowledge.  To  the  mineralogist  an  acquaintance  with  the  crystaUo- 
graphic  forms,  assumed  by  different  mineral  groups,  wiU  be  too  obyious  for  comment ; 
and  although,  contrary  to  the  doctrine  of  Haiiy,  it  be  not  true  that  identity  of  crystals 
line  foi^m  is  infallibly  indicatiye  of  identity  in  chemical  constitution  for  all  crystals  not 
belonging  to  the  cubic  system,  yet  a  familiar  acquaintance  with  crystallography 
in^arts  a  large  and  readily  ayailable  knowledge  of  mineral  species.  This  kind  of 
knowledge  is  of  particular  use  in  cases  inyolying  the  inyestigation  of  valuable  crystaUine 
mineral  specimens,  which  it  would  be  undesirable  to  destroy  by  comminution,  for  the 
purpose  of  chemical  experiment.  Take,  for  instance,  the  case  of  the  diamond  and  rock 
crystal.  To  the  uninitiated  eye  these  substances  heap  a  remarkable  similarity.  Both 
are  colourless,  usually  j  both  are  endpwed  with  high  refractive  powers ;  both  nu^  be 
found  in  the  same  locality.  In  the  rough  st^ite,  rock  crystal  pcMssesses  the  greater 
beauty ;  and  many  persons  have  been  deceived  as  to  the  real  quality  of  these  mizieral 
crystaUine  forms.  Professor  Tennant  relates  an  instance  in  his  lectures  of  a  Califomian 
gold-seeker.  Having  found,  in  the  prosecution  of  his  workings,  a  large  rock  crystal,  he 
was  off<»ed  several  hundred  pounds  for  it  on  the  spot,  which  he  refused,  and  harried 
home,  on  the  supposition  that  his  treasure  was  a  diamond.  Arrived  in  "Rnglflri^^  ha  ^^ 
length  found  that  the  crystal  was  not  worth  so  many  shillings  as  he  had  been  offered 
pounds  for  it  This  mistake  might  readily  have  been  obviated,  had  the  finder  known 
that  the  diamond  belonged  to  the  cubic  system,  and  rock  crystal  to  the  rhombohedral. 
Accordingly,  whilst  the  diamond  crystallizes  in  cubes  or  their  derivative^  rock 
crystal  affects  the  ebape  of  prisms,  having  six  sides,  terminated  by  simihuriy  ueed 
pyramids. 

To  the  axmlytieal  chemist  a  knowledge  of  the  forms  in  which  different  stlNitasioAs 
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crystalHze  is  of  the  Mghest  importaiioe,  as  enabling  him  to  ascertarn  the  presence  of 
many  hoi&ei  whose  pecufiar  crystalline  aspect  may  have  been  previonsly  known ;  as 
also  frequently  to  dfect  the  separation  of  one  body  from  another,  even  though  both 
^io«ld  be  sasoeptible  of  crystallisation.  The  student  may  fisrm  an  idea  of  t&e  ready 
meazid  with  which  certain  salts  may  be  distinguished  by  their  crystalline  aspect  by 
diMolvii^  in  three  sepaarate  tubes  of  distilled  water  respectively  a  little  chloride  of 
sodiam  (common  salt),  sulphate  of  magnesia  (Epsom  salt),  nitre  (nitrate  of  potash),  and 
Glauber's  salts  (sulfate  of  soda),  and  evaporating  a  few  drops  of  each  of  these  solutions 
on  i«^ctive  j^eoes  of  glass  very  slowly.  For  this  purpose  the  slip  of  glass  may  be 
held  about  six  inches  above  the  flame  of  a  candle,  or  placed  in  some  warm  place  to 
which  dust  cannot  gain  access.  As  the  process  of  evaporation  goes  on,  so  will  crystals 
become  deposited ;  and,  however  small,  may  be  readily  discriminated  by  means  of  a  lens 
of  sufficient  power.  In  these  experiments  it  will  be  remarked  that  the  solution  of 
common  salt  deposits  its  crystal  first — a  circumstance  of  great  practical  importance  in 
many  operations,  and  which  will  be  further  adverted  to  hereafter.  Appended  is  a 
sketch  of  the  appearance  reiwesented  by  this  series  of  four  : — 


Common  Salt. 


Epsom  Salts. 


Nitre. 


Glauber's  Salts. 


Thus  it  is  evident  an  acquaintance  with  crystallography  may  become  an  aid  to  the 
chemist.  Frequently  he  has  to  piireue  an  elaborate  investigation  for  the  discovery  of, 
minute  portions  of  white  arsemous  acid ;  and  here  again  a  knowledge  of  the  form  in 
wMdi  the  substance  crystallixes  is  in  the  hi^est  degree  necessary.  If  only  the 
thousandth  part  of  a  grain  of  arsenious  acid  be  deposited  towards  the  closed  end  of  a 
smaQ  glass  tube,  and  cautiously  heated  by  means  of  a  spirit-lamp,  lie  arsenious  acid 
will  sublime  fertitcr  up  in  Ae  tube,  in  the  form  of  octohedral  crystals,  easily  recognised 
by  means  of  a  lens.  No  othier  substance  deposits  similar  crystals  under  similar  craidi- 
tions ;  hence  Ite  test  becomes  extremely  valuable,  more  especially  as  it  involves  no 
loss  of  the  material — a  most  important  point  in  cases  of  medico-legal  investigations> 
wherein  the  amounts  (^crated  upon  are  necessarily  minute,  and  their  preservation,  to 
take  before  a  jury  for  demonstration,  is  required. 

Hence  it  is  evident  Uittt  a  familiar  acquaintance  with  crystalline  forms  is  of  great 
importance  to  t3ie  chemist  as  a  means  of  discrimination.  Of  not  less  importance  is  it 
as  a  means  of  separation,  concerning  which  I  shall  now  append  some  exemplifications. 
In  the  manufacture  of  gunpowder,  it  is  necessary  that  the  nitre  employed  should  be  freed, 
to  the  greatest  practicable  degree,  from  the  common  salt  with  which  it  naturally 
occurs,  inasmuch  as  common  salt  has  the  property  of  attracting  water  ftxmi  tJie 
atmosphere,  and  deliquesciiig ;  thus  continually  rendering  substances  damp  with 
which  it  may  come  into  contact.  This  separation  of  common  salt  from  nitre  is  effected 
by  taking  advantage  of  the  different  crystallizing  powers  of  these  two  substances.  If 
a  nitre  solution  be  mingled  with  a  solution  of  common  salt,  and  the  compound  mixture 
be  evapofttted,  the  common  salt  wiH  be  deposited  first,  and  may  be  separated,  Icaviiig 
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the  nitze  solution  pure.  This  is  the  process  had  recourse  to  in  practice;  and  its 
efficiency  depends  on  the  circumstance  that  nitre  is  more  soluble  in  hot  than  in  cold 
water ;  whereas  common  salt  is  equally  soluble  in  water,  hot  or  cold. 

The  iodine  manufacture  affords  another  instance  of  the  application  of  the  same 
principle.  When  certain  varieties  of  sea- weed  are  incinerated,  their  ashes  are  found  to 
contain  various  salts,  which  may  be  dissolved  out  by  lixiviation.  On  subjecting  the 
lixiviated  fluid  to  evaporation,  carbonate  of  soda  crystallizes  and  deposits  first.  Indeed 
kelp  was  formerly  prepared  solely  on  account  of  the  carbonate  of  soda  it  yielded ; 
although  for  a  long  time  past  this  substance  has  been  obtained  much  more  economically 
as  a  result  of  the  decomposition  of  common  salt.  When  the  carbonate  of  soda  has  been 
entirely  separated,  there  remains  behind  a  solution  containing  various  other  salts,  of 
which  the  iodide  of  sodium  is  the  chief.  On  carrying  the  evaporative  process  farther, 
this  too  may  be  obtained.  Iodide  of  sodium,  or  the  liquor  containing  it,  is  now  the 
chief  source  of  iodine. 

A  very  beautiful  application  of  the  laws  affecting  crystallization,  by  which  a 

crystallizable  substance  is  separated  from  its 
impurities,  may  be  recognised  in  the  process  of 
sugar-refining.  Metallic  cones,  ranged  apices 
downward,  each  apex  having  a  small  plugged 
orifice,  are  filled  with  a  magma  of  dark-coloured 
sugar;  the  darkness  is  caused  by  molasses,  in 
which,  after  the  lapse  of  some  hours,  the  sugar 
crystallizes,  and  from  which  the  crystals  have  to 
be  freed.  This  is  accomplished  in  the  following 
manner : — 

Each  cone  is  put  to  stand  on  a  corresponding 
pot,  the  plug  in  the  apex  of  the  cone  having  been 
previously  removed.     In  this  way  a  very  large 
portion  of  the  treacle  drains  off.    Not  all,  how- 
ever, inasmuch  as  the  sugar,  if  scooped  out,  would 
be  more  or  less  yellow.    Hence  the  crystals  have 
to  be  washed  clean ;  and  great  ingenuity  has  been 
shown  in  devising  an  efficient  means  of  accomplish- 
ing this.      It  is  evident  that  water  would  be 
inapplicable,  since  this  liquid  would  dissolve  the  sugar.    Alcohol  might  answer  the 
purpose  tolerably  well,  if  it  were  sufficiently  cheap  to  be  employed.     Indeed  alcohol  is 
so  employed  for  this  purpose  in  the  East  Indies.    A  still  more  efficient  and  far  more 
elegant  plan,  is  generally  adopted  in  British  and  most  European  refineries.    Instead  of 
using  alcohol,  which  at  the  utmost  can  only  dissolve  out  the  treacle  and  leave  vacuities 
in  its  place,  an  already  saturated  and  colourless  solution  of  sugar  is  employed,  which, 
gradually  forcing  its  way  from  base  to  apex  of  the  cone,  and  penetrating  between  the 
loosely  impacted  crystals,  not  only  forces  the  molasses  away,  but  adds  a  fresh  coating 
of  sugar  to  the  crystalline  nuclei  already  existing. 

Inasmuch  as  the  formation  of  a  crystal  depends  on  the  most  perfect  agency  of 
cohesive  force,  in  deference  to  the  operation  of  which  particles  of  matter  are  impelled 
into  lines  and  planes  referable  to  determinate  axes  of  energy,  it  necessarily  follows 
that  the  most  perfect  conditions  for  effecting  crystallization  are  those  which  secure 
a  perfect  freedom  of  motion  amongst  themselves  of  the  particles  to  be  aggregated ;  and 
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although  certain  solids  may,  as  we  have  seen,  change  from  the  amorphous  to  the 
crystalline  state  without  passing  from  the  solid  state,  yet  these  famish  only  so  many 
exceptions  to  the  general  law.  Accordingly  the  three  grand  preliminary  conditions,  to 
the  ultimate  formation  of  crystals,  are  (a),  solution ;  (d),  fusion ;  {e),  yaporization.  Of 
these  three  conditions  examples  of  the  first  and  the  third  have  already  come  under  our 
notice  indirectly,  and  the  second  has  been  adverted  to. 

More  detailed  observations  concerning  aU  these  will  now  be  given. 
The  process  of  solution  accomplishes  the  separation  of  aggregated  particles  by  the 
interposition  of  the  solvent  between  them,  in  such  a  manner 
that  the  particles  are  removed  beyond  tho  sphere  of  each 
other's  cohesive  attraction, — a  condition 
which  is  represented  conventionally 
by  the  appended  diagram.  The  central 
dots  are  assumed  to  represent  the  parti- 
cles themselves;  the  circles  surrounding 
them  to  define  the  extent  of  the  force  of 
cohesive  attraction  for  each  particle ;  and 
the  horizontal  parallel  lines  to  represent  the  fluid  of  solution.  Under  these  theoretical 
circumstances  it  will  be  manifest  that  the  particles  cannot  aggregate  until  so  much  of 
the  solvent  shall  have  been  removed  as  shaU  bring  the  particles  within  each  other's 
sphere  of  attraction ;  when,  in  accordance  with  the  postulate  laid  down,  the  particles 
^ould  cohere. 

In  most  cases  the  power  of  solution,  manifested  by  a  liquid,  does  not  depend  upon 
the  quantity  employed  alone,  but  also  upon  the  degree  of  heat  to  which  it  may  have  been 
raised;  whence  it  follows  that,  as  a  general  rule,  bodies  are  more  soluble  in  a  given 
liquid  hot,  than  when  the  same  liquid  is  cold.  In  such  instances  crystallization 
always  takes  place  most  readily  as  the  solvent  is  cooling ;  and  certain  substances,  of 
strong  crystalline  character,  are,  nevertheless,  totally  incapable  of  crystallizing  in  a 
temperature  at  which  the  solvent  boils  under  the  ordinary  pressure  of  tiie  atmosphere. 
This  is  the  case  with  sugar.  It  is  highly  crystallizable  in  its  nature  ;  but  if  dissolved 
in  water,  and  the  water  dissipated  by  evaporation  at  the  boiling  temperature,  it  obsti- 
nately refuses  to  crystallize.  If,  however,  a  current  of  cold  air  be  continuously  blown 
through  a  boiling  solution  of  sugar,  so  as  to  lower  the  temperature  of  the  mass  to  about 
ISO*'  F.,  then  crystallization  readily  takes  place.  This  principle  has  been  taken  advan- 
tage of  in  the  manufacture  of  sugar ;  but  its  efficiency  is  less  by  far  than  that  of  the 
vacuum-pan, — an  instrument  which  will  be  hereafter  described. 

The  problem  of  removing  a  liquid,  by  means  of  evaporation,  from  a  crystallizable 
body  held  in  solution  (in  order  that  the  latter  may  crystallize,  without,  at  the  same 
time,  employing  a  temperature  detrimental  to  the  crystallizable  material),  is  one  that 
has  frequently  to  be  solved  in  chemical  practice,  and  its  successful  accomplishment  is 
based  upon  the  following  considerations.  The  tendency  of  a  liquid  to  evaporate  is  due 
partly  to  the  recognizable  repulsive  effects  of  heat,  and  partly  to  the  natural  repulsion 
(which  may  be  due  to  heat  also)  existing  between  the  particles  of  fluids  themselves. 
The  agency  repressive  to  evaporation  is  atmospheric  pressure.  Hence,  to  the  extent 
that  we  remove  atmospheric  pressure  from  a  liquid,  to  the  same  extent  do  we  tend  to 
promote  its  evaporation.  Many  volatile  liquids,  such  as  ether,  chloroform,  &c.,  actu- 
ally boil  when  atmospheric  pressure  is  removed  frt)m  them ;  so  prone  are  they  to  evapo- 
rate ;  and,  although  water  does  not  boil  under  these  circumstances,  yet  its  evaporative 
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tendeney  ia  ao  much  increaaed  ibat  it  will  boil  om  tbe  applieation  of  a  Tery  low  degree 
of  heat  These  facta,  more  fully  adverted  to  in  the  chapter  on  yaporizadon,  suggests 
the  basis  of  eEdatxa^  the  crystallization  of  solutiona,  the  crystallizable  substance  con- 
tained in  wMch  would  be  damaged  by  exposure  to  an.  iaicrease  of  Iteat.  The  solutions 
are  placed  aside  in  yaeao,  and  a  material  being  placed  near  them  capable  of  absorbing 
the  yapour  as  it  rises,  a  continned  yadrnm,  or  rather  an  approach  to  a  yaeuum,  is 
maintained.  GeqeraUy  speaking,  the  yaiponr  thus  le^piired  to  be  absorbed  is  that  of 
water;  hence  fiome  hygroscopic  material  is  the  proper  absorbent  substance.  Sul- 
phuric acid  is  most  commonly  employed  for  this  purpose;  and  the  method  of  uaing  it 
will  be  fully  described  under  .the  head  of  Eyaporation. 

The  process  of  fusion  accomplishes  &e  separation  of  aggregated  particles,  not  in 
consequence  of  the-  interposition  of  a  solyent,  but  in  consequence  of  the  repulsive 
effects  of  heat,  which  indeed  we  are  almost  warranted  in  calling  the  universal 
solvent,  inasmuch  as  we  are  not  aware  of  any  one  substance  which  cannot  be  liquefied 
or  converted  into  vapour  by  the  application  of  a  flufflcierit  amount  of  heat.  Although 
the  seeming  effect  of  fusion  is  the  generation  of  amorphous  masses,  this  is  more  specious 
than  real.  Most  substances,  the  products  of  fusion  and  cooling,  although  apparently 
amorphous,  yet  develop  a  crystalline  texture  more  €ir  less  perfect  when  subjected  to 
the  corroding,  or  dissecting  agency  of  a  proper  solvent,  just  as  alum  was  found  to  un- 
ravel a  similar  texture  when  exposed  to  the  solvent  agency  of  water.  In  certain  cases, 
not  only  may  these  crystals  be  dissected  out  from  the  cold  mass  in  which  they  have 
become  enveloped,  but  they  may  be  obtained  at  a  previous  stage ;  for  the  cooling  mass 
does  not  cohiere  homogeneously,  but  the  first  solid  partions  are  crystals  surrounded  by 
the  yet  liquid  material,  which  latter  may  be  dexterously  poured  away,  leaving  the 
c^stals  perfect.  Sismuth  and  sulphur  are  very  susceptible  of  being  thus  operated 
upon,  and  their  crystalline  textixre  demonstrated.  If  either  of  these  be  melted  in  an 
iron  ladle,  and  the  melted  mass  set  aside  im.til  a  crust  foims  on  l^e  surface,  and  lliis 
crust  be  perforated  with  two  holes — one  to  admit  of  the  air  entering,  the  other  to 
admit  the  issue  of  the  yet  unsoUdified  material  when  the  ladle  is  inverted-^there  will 
be  obtained,  in  either  case,  a  hollow  segnnrait  of  a  sphere  crusted  over  in  all  directions, 
^ut  containing  variously  ramified,  crystals  within.  If  now  the  flat  surface  of  the  crust 
be  chiselled  off,  the  underiying  crystalline  forms  will  be .  laid  bare.  This  means  of 
obtaining  crystals,  although  beautifully  illustrative  of  a  principle,  is^  nevertheless, 
but  seldom  talcen  advantage  of  in  practice. 

The  process  of  vaporisation  will  be  recognised,  on  reflection,  to  fiimish  the 
same  preliminary  conditions  to  crystallization  as  that  of  solution,  and  that  of  fusion ; 
that  is  to  say,-  the  freeing  of  particles  -ttom  the  restraint  of  motion  amongst  them- 
selves, which  the  force  of  cohesion  opposes.  Camphor,  for  example,  is  prone  to 
assume  the  crystalline  state ;  but,  if  aggregated  too  rapidly,  it  takes  on  the  amorphous 
appearance.  If,  however,  one  of  these  amorphous  pieces  of  camphor  be  very  gradually 
vaporized  or  sublimed,  the  volatile  particles  condense  in  regularly  crystallized  forms. 
This  phenomenon  may  frequently  be  seen  to  have  resulted  from  the  exposure  of  dmg- 
gista'  camphor  show-bottles  in  a  sunny  window.  Camphor  will,  after  a  time,  snUime 
in  crystalline  spangles.  .  In  this  instance,  moreover,  the  crystals  will  be  seen  to  have 
collected  in  that  part  of  the  bottle  nearest  the  light. 

The  substanoe,  iodine,  offers  another  familiar  example  of  a  body  whose  vaponr 
readily  assumes  the  orysteJline  condition.  If  some  powdered  iodine  be  put  into  a  glass 
flask,  and  gently  heated,,  first  yidet  oeloofed  vapours,  duoaeteristic  of  iodine,  will  be 
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seen  to  ascend.    Soon  these  yaporous  partudes  wiU  aggregate  in  the  upper  part  of  the 
flask,  and,  ein^itoaUy,  irell-formed  erystalfl  of  iodine  will  he  evident 

Whatever  be  the  metliod  resorted  to  for  the  development  of  crystals,  whether  by 
evaporation  (subUmation)  of  the  solid  to  be  crystallized— whether  by  slow  cooling,  or  by 
evaporation  of  the  %iud  in  which  tib.e  substance  to  be  crystallized  has  been  dissolved, 
one  grand  principle  has  to  be  borne  in  mind.  The  operation  must  be  so  slowly  eon- 
dacted,  that  the  particles  to  be  cryst^dlized  may  have  the  £reest  power  to  move  amongst 
themselves  slowly  and  tranquilly ;  otherwise  perfection  in  the  resulting  crystals  cannot 
be  attained,  and  a  solid,  more  or  less  amoiphoufl,  will  result.  In  a  great  majority  of 
instances,  the  means  of  effecting  crystallization  resorted  to  by  the  chemist  is  that  of 
evaporation  of  the  solvent.  I  shall  therefore  subjoin  a  few  practical  remarks,  having 
special  reference  \o  that  operation.  On  this  head,  no  invariable  rule  of  procedure  can 
be  given,  inasmuch  as  the  exact  steps  of  the  evaporative  operation  vary  with  the 
natuare  of  the  salt  to  be  obtained.  If  a  salt  be  equally  soluble  in  cold  and  in  hot  water, 
as  is  the  case  with  common  salt  (chloride  of  sodium),  then  perfect  crystals  may  be 
obtained,  even  during  the  pooess  of  boiling ;  which  is  to  be  regarded  as  manifesting 
the  highest  exercise  of  evaporative  energy.  If,  however,  as  is  more  frequently  the 
case,  the  salt  is  more  soluble  in  liot  than  in  cold  water,  then  the  best  general  rule  that  can 
be  given  is,  to  carry  on  the  evapori^ive  process  slowly,  imtil  a  pellicle  forms  on  the  sur- 
face of  the  liquor  ;  then  to  put  the  solution  aside  in  a  cool  place,  allowing  it  to  remain 
perfectly  at  rest  Occasionally  rods  of  glass  or  wood,  filaments  of  string,  &c.,  are  put 
into  a  solution  from  which  crystals  are  about  to  be  deposited,  with  the  object  of  thus 
affording  nuclei  on  which  the  first  crystalline  particles  may  aggregate.  This,  however, 
is  rather  a  practice  fbUowed  in  certain  chemical  manufactures  on  the  l(urgest  scale,  than 
in  the  chemical  laboratory.  Another  good  plan,  when  weighed  results  are  not  required; 
consists  in  dropping  into  the  sohition,  which  is  abo«it  to  deposit  its  crystal,  a  few 
crystals  of  the  same  kind  already  formed.  Under  the  head  of  individual  crystalline 
bodies,  will  be  appended  all  such  further  lemaiks  ai  may  be  necessary  for  e£Secting 
their  ciystallization. 


OF  CHEMICAL  AFFINITY,  AND  THE  GENERAL  PHENOMENA  OF 
CHEMICAL  ACTION. 

Chemical  affinity^  like  cohesive  attraction,  is  eflOective  only  at  insensible  dis- 
tances ;  but  it  is  distinguished  from  the  latter  foice^  in  being  exerted  between  particles 
or  atoms  of  different  kinds.  The  result  of  its  action  is  not  a  mere  aggregate,  having  the 
same  properties  as  Uae  separate  parts,  and  differing  only  by  its  greater  quantity,  but  a 
new  compound,  in  which  the  properties  of  the  components  have  entirely  or  partly  dis- 
appeared, and  in  which  new  qualities  are  apparent  The  combinations  effected  by 
chemical  affinity  are  permanent,  and  are  destroyed  only  by  the  interference  of  a  more 
powerful  force,  either  of  the  same  or  of  a  different  kind. 

As  a  general  exemplification  of  chemical  action,  we  may  examine  that  which  takes 
place  between  potassa  and  sulphuric  acid.  In  their  separate  stat%  each  of  these  bodies 
is  distinguished  by  striking  peculiarities  of  taste,  by  great  causticity,  and  by  other 
qualities.  The  alkali,,  on  being  added  to  blue  vegetable  in&isions,.  changes  their  colour 
to  green,  and  the  acid  turns  them  red.    But  if  we  add  one  substance  to  the  other,  very 
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cautiously,  and  in  small  quantities,  examining  the  effect  of  each  addition,  a  point  will 
be  attained  at  which  the  liquid  possesses  neither  acid  nor  alkaline  qualities ;  it  may 
now  be  safely  applied  to  the  tongue — ^the  taste  is'  a  bitter  one —  and  the  mixture  will 
produce  no  effect  on  blue  vegetable  colours.  Here,  then,  the  qualities  of  the  constituent 
parts,  or  at  least  some  of  their  most  important  ones,  are  destroyed  by  combination. 
"When  characteristic  properties  thus  disappear,  the  bodies  .combined  are  said  to  saturate 
each  other ;  and  the  precise  term  at  which  this  takes  place  [has  been  galled  the  point 
of  saturation.  It  is  advisable,  however,  to  restrict  this  expression  to  weaker  combina- 
tions, where  there  is  no  remarkable  alteration  of  qualities,  as  in  cases  of  solution ;  and 
to  apply  to  the  results  of  more  energetic  affinities,  when  attended  with  loss  of  proper- 
ties, the  term  neutralization. 

At  the  same  time  that  the  properties  of  bodies  disappear  on  combination,  other  new 
qualities,  both  sensible  and  chemical,  are  acquired ;  and  the  affinities  of  the  compo- 
nents for  these  substances  become  in  some  cases  increased,  in  others  diminished  in 
energy.  Sulphur,  for  example,  is  destitute  of  taste,  smell,  and  action  on  vegetable 
colours;  and  oxygen  gas  is,  in  other  respects,  equally  inefficient.  But  one  of  the  com- 
pounds of  sulphur  and  oxygen  is  intensely  acid ;  the  minutest  particle  instantly  reddens 
blue  vegetable  infusions ;  and  the  acid  is  disposed  to  enter  into  energetic  combination 
with  a  variety  of  bodies,  for  which  its  components  evinced  no  affinity.  Facts  of  this 
kind  sufficiently  refute  the  opinion  of  the  older  chemists,  that  the  properties  of  com- 
pounds are  intennediate  between  those  of  their  component  parts ;  for,  in  instances  like 
the  foregoing,  the  compoimd  has  qualities,  not  a  vestige  of  which  can  be  traced  to 
either  of  its  elements. 

It  is  not,  however,  in  all  cases  that  the  change  of  properties  is  so  distinct  and  appre- 
ciable by  the  senses,  as  in  the  instances  just  described.  In  some  examples  of  chemical 
union,  the  change  is  scarcely  perceptible  to  the  eye  or  the  taste,  when  the  chemist  is 
nevertheless  certain  that  combination  must  have  taken  place.  This  occurs  cliiefly  in 
the  mixture  of  saline  solutions  with  each  other,  where  a  complete  exchange  of  prin- 
ciples often  ensues,  without  any  evident  change  of  properties.  Examples  of  this  kind 
cannot,  however,  be  understood,  till  the  subject  of  complex  affinity  has  been  first 
elucidated. 

The  existence  of  chemical  affinity  between  any  two  bodies  is  inferred,  therefore, 
from  their  entering  into  chemical  combination ;  and  that  this  has  happened,  a  change 
of  properties  may  be  considered  as  a  sufficient  proof,  even  though  the  change  may  not  be 
very  obvious,  and  may  require  accurate  examination  to  be  perceived  at  all. 

The  proof,  which  establishes  the  nature  of  chemical  compounds,  is  of  two  kinds, 
synthesis  and  analysis.  Synthesis  consists  in  effecting  the  chemical  union  of  two  or 
more  bodies ;  and  analysis  in  detaching  them  from  each  other,  and  exhibiting  them  in 
a  separate  state.  But  it  is  seldom  that  we  can  separate  two  bodies  from  each  other 
without  employing  a  third,  and  thus  forming  some  fresh  compound.  "When  this 
new  compound  is  one  of  known  composition,  the  evidence  of  analysis  is  still  equally 
complete.  When  we  have  a  compound  of  two  or  more  ingredients,  which  are  them- 
selves compounded  also,  the  separation  of  the  compounds  from  each  other  may  be  called 
the  proximate  analysis  of  the  body ;  and  the  further  separation  of  these  compounds  into 
their  most  simple  principles,  its  ultimate  analysis.  Thus  the  proximate  analysis  of 
sulphate  of  potassa  consists  in  resolving  it  into  potassa  and  sulphuric  acid ;  and  its 
ultimate  analysis  is  eflfected  by  decomposing  the  potassa  into  potassium  and  oxygen, 
and  the  sulphuric  acid  into  oxygen  and  sulphur. 
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When  the  analysis  of  any  substance  has  been  carried  as  far  as  possible,  we  arrive 
at  its  most  simple  principles,  or  elements.  By  the  expression  dement  we  are  to  imdcr- 
stand,  not  a  body  that  is  incapable  of  further  decomposition,  but  one  which  has  not  yet 
been  decomposed.  The  progress  of  chemical  science,  for  seyeral  centuries  past,  has 
mainly  consisted  in  carrying  still  farther  the  analysis  of  bodies,  and  in  preying  those 
to  be  compounded  which  had  before  been  considered  as  elementary. 

At  present  chemists  are  acquainted  with  sixty-two  or  sixty-three*  elementary  bodies, 
the  names  of  which,  as  well  as  their  symbolical  contractions,  are  appended : — 

Aluminium  .     .     .     .    Al.  Nickel Ni. 

Antimony;   ....     St.  (Stibium).         Niobium Nb. 

Arsenic As.  Nitrogen N. 

Barium Ba.  Norium Nr. 

Bismuth Bi.  Osmium Os. 

Boron B.  Oxygen 0. 

Bromine ' Br.  Palladium     ....  Pd. 

Cadmium      ....     Cd.  Pelopium PI. 

Calcium Ca.  Phosphorus  ....  P. 

Platinum Pt. 

Potash K.  (Kalium). 

Bhodium R. 


Carbon C. 

Cerium Ce, 

Chlorine CI. 

Chrome Cr. 

Cobalt Co. 

Copper Cii, 

Didymium    .     .     .     .  D. 

Donorium     ....  Do. 

Erbium E. 

Fluorine F. 

Glucinium    .    .     .     .  G. 

Gold Au.  (Aunim). 

Hydrogen     .     .    .    .  H. 

Iodine I. 

Iridiimi Ir. 

Iron Fe. 

Lanthanium.     ...  La. 

Lead Pb. 

Lithium L. 

Magnesium  ....  Mg. 

Manganese    ....  Mn. 

Mercury Hg. 


Euthenium   ....  Rt. 

Scheelium     .     .     .     .  W.  (Wolfram). 

Selenium Se. 

Silicon Si. 

Silver Ag. 

Sodium Na.  (Natrium). 

Strontium     .     .     .     .  Sr. 

Sulphur S. 

Tantalum      .    .    .     .  Ta. 

Tellurium     .     .    .     .  .Te. 

Terbium Tr. 

Thorium Th. 

Tin Sn.  (Stannum). 

Titanium Ti. 

Uraniimi IT. 

Vanadium     ....  Va. 

Yttrium Y, 

Zinc Zn. 

Zirconium     .     .     .     ,  Zr. 


Molybdenum     .     .    .    MO. 

Beside  the  alteration  of  properties,  which  usually  accompanies  chemical  action, 
there  are  certain  other  phenomena,  which  axe  generally  observed  to  attend  it. 

lat.  In  almost  every  instance  of  chemical  imion,  the  spectfie  gravity  of  the  compound 

is  greater  than  might  have  been  inferred  from  that  of  its  components ;  and  this  is  true 

both  of  weaker  and  more  energetic  combinations.    When  equal  weights  of  water  and 

sulphuric  acid  are  made  to  combine,  the  specific  gravity  of  the  resulting  liquid  is  not 

•  The  existence  of  Donarlam,  a.<i  a  separate  element,  is  doubtful. 
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tke  mMBi,  but  oonaidosabty  gnsAsr  tbm  the  moaoL'f.  thU  lanr  rrtendi  dbot»  solids. 
But,  tiiiough  geaend,  it  is  not  mm^iwel;  &a  in  mreijtemmtiaaeeaf  ddeS^  of  agiifona 
fioids,  coodena&tion  does  not  aittend  eheiaieal  Tmioa ;  in  iiie  eoaBbiaatidK  of  •ome  awtilfl 
with  each  other,  ereir  ih»  rerene  takes  ptfltee ;  title  cwaywuid  'heiikg,  is  a  few  casm^ 
specifieally  lighter  than  ndglisft  hare  been  expected,  fcosa  the  ipeeifie  gncvity  o#  its 
elements,  and  their  prc^ioirtkm  to  eaeh  other. 

2ndly.  When  bodies  eombine  eheimicaEy,  it  may  be  seceived  as  a  geneni  fiuct,  that 
their  temperature  changes.  Equal  weights  of  oil  of  vitriol  and  water,  botib;  at  the 
temperature  of  60°  of  Fah.  are  heated,  by  sudden  mixture,  to  considerably  above  212°. 
In  other  examples  a  contrary  effect  takes  place,  and  a  diminished  temperature,  or,  in 
other  words,  a  production  of  cold,  is  observed.  This  is  all  that  it  is  at  present  necessary 
to  state  on  the  subject,  which  will  be  more  fully  considered  when  we  come  to  treat  of 
caloric. 

3rdly.  The  forms  of  bodies  are  often  materially  changed  by  chemical  combination. 
The  solids  may,  by  their  union,  become  fluid ;  or  two  fluids  may  become  solid.  Solids  are 
also  often  changed  into  aeriform  fluids ;  and,  in  many  instances,  the  union  of  two  airs, 
or  gases,  is  attended  with  their  sudden  conversion  into  the  solid  state.  By  long 
exposure  of  fluid  quicksilver  to  a  moderate  heat,  we  change  it  into  a  reddish  scaly  solid; 
and,  by  heating  this  solid  in  a  retort,  we  obtain  an  aeriform  fluid,  or  gas,  in  considerable 
quantity,  and  recover  the  quicksilver  in  its  original  form. 

4thly.  Change  of  colour  is  a  frequent,  but  not  universal,  concomitant  of  chemical 
action.  In  some  cases  brilliant  colours  are  destroyed,  as  when  chlorine  is  made  to  act 
on  solution  of  indigo.  In  other  instances  two  substances,  which  are  nearly  colourless, 
form,  by  their  union,  a  compound  distinguished  by  beauty  of  colour,  as  when  liquid 
potassa  is  added  to  very  dilute  syrup  of  violets.  Certain  colours  appear  also  to  belong 
essentially  to  chemical  compounds,  and.  to  be  characteristic  of  them.  Thus  100  parte 
of  quicksilver,  and  4  of  oxygen,  invariably  give  a  black  compound ;  and  the  same 
quantity,  with  8  parts  of  oxygen,  afford  as  invariably  a  red  compound. 

Pxoportions  in  which  Bodies  Combine. — Certain  leading  points  of  distino- 
tion  existing  between  the  three  forces,  gravitation,  cohesion,  and  chemical  affinity, 
have  been  already  pointed  out.  There  is  another  especially  characteristic  of  affinity, 
and  which  has  been  purposely  deferred  until  this  opportunity — ^namely,  the  proportions 
in  which  bodies  combine. 

On  reconsidering  the  conditions  under  which  gravitation  and  cohesion  are  exercised, 
it  will  be  evident  that  the  operation  takes  place  between  any  portions  of  ponderable 
matter  without  limit.  Thus  in  the  case  of  gravitation,  all  matter,  of  whatever  wei^t 
(«.  tf.,  of  whatever  number  of  ponderaible  particles),  is  attracted  towards  the  nearest 
centre  of  preponderating  gravitation — ^that  is  to  say,  for  all  cases  of  terrestrial 
observation  towards  the  centre  of  the  earth. 

Again,  referring  to  the  circumstances  under  which  the  attraction  of  cohesioB 
exercises  itself,  we  shall  find  that  any  conceivable  amount  of  similar  particles  may 
unite  to  any  other  conceivable  amount,  and  constitute  a  mass. 

As  regards  the  exercise  of  affinity,  or  chemical  attraction,  it  is  otherwise ;  not  only 
must  the  particles  which  it  is  desired  to  associate  be  of  the  proper  kind,  but  they  must 
bear  to  each  other  a  particular  ratio,  or  else  combination  does  not  take  place.  As  a 
simple  illustration  of  this  proposition,  the  composition  of  water  may  be  cited.  This 
liquid  may  be  decomposed  by  various  means,  to  be  described  hereafter.  The  most 
convenient  process,  however,  is  by  means  of  voltaic  rfectrieity.    If  any  quantity  of 
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water  be  iaikm,  end  deeeaip«B€d  iarUi  its  tira  «0Biilitwxife  gtsm,  txypok  moA  ^Jrogen, 
the  former  will  be  to  the  latter  in  the  nfeio  hf  wm^  of  «glij(;  «0  oae^  asd  in  the 
ratio  bj  measure  of  one  to  two. 

Saeb  is  the  composition  of  water,  as  made  known  to  ns  by  analysis,  and  of.  which 
synthesis  afbrds  a  confirmaftioB.  If  two  measures  of  hydrogen  be  mixed  with  one 
measure  of  oxygen,  and  ignited  by  means  of  the  electric  spark,  the  result  is  water. 

The  combination,  it  will  be  remarked,  has*  taken  place  in  the  exact  ratio. 

oCr.    :    :    :    J}  By  weight, 
^r    :    :    :    'r]^j^^- 

If,  for  the  sake  of  expeiiment,  nine  parts  by  we%hi  of  oxygen  were  mingled  with 
one  part  by  weight  oi  hydrogen,  then  the  niirth,  or  addSilenal  part,  would  not  enter 
ioto  eombination^  bmt  would  remain  behind  in  the  gaseous  form.  If  one  and  a  half 
parts  of  hydrogen  were  jnixed  with  eight  of  oxygen,  and  inflamed,  then  the  additional 
half  would  not  combine.  Indeed,  no  combiuatioa,  except  tiiat  of  water,  can  be  formed 
by  the  direct  mixture  and  explosion  of  oxygen  and  hydrogen  gases;  and  the  composition 
of  water  is  fixed  and  ijObyaxiaUe.  By  h&Tiia^  reeourse  to  an  iadireet  method,  a  second 
compound  of  hydrogen  and  oxygen  may  be  developed — ^viz.,  Itie  peroxide  of  hydrogen ; 
and  its  composition  is  &>und  to  be  one  part  by  weight  of  hydrogen  combined  with 
sixteen  parts  by  weight  of  oxygen.  Between  these  two  there  is  no  intermediate 
composition. 

"^Z  The  study  of  the  ratios  in  which  oxygen  aaaid  hydrogen  eombine,  fumi^es  an  instance 
of  definite  proportionality,  in  whi^h  respect  the  attraction  of  affinity  is  seen  to  differ 
from  that  of  grayitatioii,  and  of  edsieaion.  Definite  proportionality  may  be  said  to  be  the 
great  characteristic  of  ehenucal  combasations.  Beeming  exceptions  to  l^is  generali- 
sation wiE  be  preaeotly  cited;  htd  they  ace  probably  not  real  exceptions.  An  extremcely 
probable  hypothesis,  if  accepted,  will  refer  them  at  onee  to  the  eaitegoiy  of  definite  pro- 
portionfll  compounds ;  and  if  the  hypothesis  be  not  reeeiTed,  still  the  anomalous  cases 
will  be  found  t&  correspond  with  the;  least  energetic  op6rati(m  of  chjemical  affinity,  those 
so-  iU  eharaeteri^ed  that  tiiey  probaMy  shiocdd  be  referred  to  the  operation  of  another 
c«i2se.  Of  this  kind  are  the  mixtures,  or  combinations,  of  water  with  oil  of  vitriol — of 
akohol  with  wates— of  ether  witii  alc^el — of  varioos  oils  with  each  othear,  &c.  In  all 
these  cases  the  bodies  team  to  unite,  in  aU  proportions ;  and  therefore  to  constitute 
an  exception  to  tiie  definite  proportioiutLuEBn  already  (seated  of.  However,  it  is  easy  to 
eonceiye  these  .seemingly  exceptional  eases  of  appaz«nA  combination  in  all  proportions 
to  result  &om  tiie  mttmate  meehanieal  mixture- of  a  limited  nnmber  of  chemical  com- 
pounds. This  hypotiieaifl  is  well  iUiistrated  by  a  eonsidesation  of  four  remarkable  com- 
ponads  of  sulpiuiric  aeid  and  waiter.  The  ordinary  oil  of  vitriol,  of  English  commerce, 
is  a  defiiiite  eompomidt  of  forty  parts  by  weight  of  real  or  dry  sulphuric  acid,  and  nine 
parts  by  weight  of  water ;.  and  so  well  aombinedare  liie  two^  so  staMe  k  the  compound, 
that,  if  sufficient  heat  be  applied,  ti^  wbole  evaporates,  and  may  be  eondeisaed  un- 
changed as  oil  ofvitsiol  or  eenunon  sulphizric  aciiL  Thais  exist,  ke^never,  three  other 
definite  eompovods  of  waier  and.  sul^p^ark  acid,*  the-  asost  xeaiaiiaiMe  of  wiii^has 
the  ratio  of  ei^ty  parts  by  weight  of  aeid  to  ame  of  water,  asd  exists  ia,  tile  Geimaii  or 
Kordhaiisen  vadbety  of  sulphusie  acid.  M  tikia  varia^ba  gfsdaaBy  heatod,  pare  dry 
sulphuric  acid  ia  evolved,  and  common  oil  of  vitriol  remaina  bi^bod. 
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These  yarious  combinations  of  snlphnzic  acid  with  water  hare  been  studied  by 

Mr.  Graham,  who  arranges  them  as  follows : — 

Parts  by  weight. 
Water.  Acid. 

Hydrate  existing  in  the  German  or  Nordhansen  acid      .  1  +  ^ 

Oil  of  vitriol 1  +  1 

Acidofsp.gr.  1-780 2  +  1 

Acidofsp.gr.  1-632 3  +  1 

It  is  evident,  from  this  consideration,  that  the  hydrates  of  sulphuric  acid  furnish 
well-marked  instances  of  definite  proportionality.  It  is  not  difficult  to  conceive  that 
these  various  hydrates,  by  mingling  indefinitely  with  each  other  and  with  water,  may 
famish  an  apparently  indefinite  aqueous  combination.  A  similar  explanation  may  be 
applied  to  the  various  possible  compounds  or  mixtures  of  alcohol  and  water,  and  all 
other  combinations  of  the  same  nature ;  such  as  that  of  acids  with  water,  acids  with 
each  other,  &c.  In  a  practical  sense,  these  compounds  are  of  great  utility,  although 
theoretically  considered,  they  do  not  present  much  interest. 

The  next  form  of  apparent  combination  to  be  discussed  is  that  in  which  bodies 
unite  in  all  proportions  up  to  a  certain  point.  Thus  a  hundred  parts  of  water  are 
capable  of  dissolving  any  quantity  of  common  salt  not  exceeding  forty  parts.  At  this 
point  the  capacity  for  solution  terminates,  apparently  because  the  cohesive  force  of  the 
salt  crystals  now  balances  the  dissolving  force  of  the  fluid.  "Were  the  cohesive  force 
not  in  operation,  it  is  probable  that  solution  would  go  on  in  all  proportions ;  under 
which  circumstances  examples  of  this  kind  would  be  referred  to  the  former  category. 
<K  In  aU  cases,  involving  the  apparently  indefinite  union  of  bodies  with  each  other, 
the  circumstance  wiH  be  remarked,  that  the  resulting  compound  will  be  a  substance 
possessing  qualities  in  which  the  original  qualities  of  the  bodies  entering  into  com- 
bination may  be  traced,  and  from  which  the  components  may  be  separated  unchanged. 
Thus  a  mixture  of  alcohol  and  water  possesses  just  those  properties  which  are  a  mean 
between  the  evident  properties  of  alcohol  and  of  water.  By  one  of  several  processes, 
the  two  may  be  demonstrated  to  exist  in  union ;  may  be  separated  each  unchanged, 
each  in  its  original  proportion.  The  same  remark  applies  to  the  indefinite,  or  seemingly 
indefinite,  compounds  of  alcohol  with  others  of  salt  and  water  within  the  Umits  pre- 
scribed, and  generally  to  all  parallel  cases.  When  definite  proportionalism  comes  into 
operation,  a  marked  concomitant  is  observable.  The  compounds  then  resulting  are 
characterized  by  acquiring  properties  different  from  either  of  their  constituents. 

For  examples  of  this  first,  we  might  turn  at  random  to  any  part  of  chemistry,  so 
fertile  is  it  in  phenomena  of  this  kind.  The  position  may,  however,  be  conveniently 
illustrated  by  the  following  cases : — ^The  crystallized  salt,  sulphate  of  magnesia  (Epsom 
salt),  is  a  compound  of  sulphuric  acid,  water,  and  magnesia;  yet  the  original  properties 
'  of  all  these  substances  are  so  veiled  as  to  be  unrecognizable  in  the  compound. 
Gypsum,  or  sulphate  of  lime,  is  a  conqK)und  of  lime,  sulphuric  acid,  and  water.  It  is 
a  substance  in  which  neither  the  properties  of  lime  nor  sulphuric  acid,  though  both 
are  well  marked,  nor  of  water,  though  also  well  individualized,  can  be  distinguished. 
Whenever  definite  proportionalism  comes  into  operation,  these  metamorphoses  of 
original  qualities  are  effected;  without  it,  never.  Hence  such  combinations  must  be 
considered  as  marking  the  exercise  of  powerful  chemical  affinity,  and  determining  its 
relations  to  the  other  forces. 
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From  the  observations  winch  precede,  it  will  appear  that  the  operations  of  chemical 
affinitj  may  be  classified  into  the  following  categories  :— 

1.  Bodies  which  unite,  or  appear  to  unite,  in  all  proportions. 

2.  Bodies  which  nnite,  or  appear  to  unite,  in  all  proportions  within  certidn  inva- 
nable  limits. 

3.  Bodies  which  nnite  in  definite  proportions  only. 

Although  it  be  impossible  to  offer  a  precise  definition,  which  shall  be  competent  to 
point  out  the  exact  line  of  demarcation  between  mechanical  admixture  and  chemical 
combination,  yet  probably  it  might  be  justifiable  to  limit  the  terms  ehemieal  eombinaiion 
and  the  operation  of  ehemieal  attraetiortf  to  those  cases  in  which  the  product  of  com- 
bination is  not  a  mere  result  out  of  the  qualities  possessed  by  each  component,  but 
where  the  original  qualities  haye  entirely  merged. 

Understanding  the  definition  in  this  sense,  then,  without  any  reservation  it  might 
be  asserted  that  bodies  unite  chemically,  in  proportions  fixed  and  invariable ;  that  the 
progression  of  the  series  being  studied,  a  regular  order  of  numerical  progression  is 
manifested,  in  which  the  highest  numeral  term  bears  some  simple  relation  to  the 
lowest. 

Beflniie  Propoztionality.— TTnder  all  circumstances,  whether  the  definition  of 
ajfrnity  be  restricted  as  above  suggested,  or  extended  in  such  a  manner  as  to  compre- 
hend the  various  seemingly  indefinite  combinations,  definite  proportionality  is  a  con- 
comitant of  every  well-marked  case  of  the  exercise  of  affinity ;  of  the  operation  of 
which  force  it  is  to  be  regarded  as  the  strongest  indication,  of  its  character  the  most 
prominent  type.  It  is  to  a  consideration  of  these  definite  compounds  of  substances 
alone  that  the  remaining  portions  of  this  section  will  be  devoted. 

For  the  puiposo  of  deriving  some  Imowledge  of  the  ratios  in  which  simple 
bodies  unite,  we  may  with  convenience  regard  the  proportional  elements  of  water  as 
the  basis  of  future  remark  and  comparison.  "Water,  as  has  been  shown,  consists  of 
one  volume  of  hydrogen  and  half  a  volume  of  oxygen,  united  together  and  con- 
densed ;  by  weight,  eight  parts  of  oxygen  combined  with  one  part  of  hydrogen.  By 
substituting  chlorine,  iocQne,  and  bromine  for  the  oxygen,  we  get  the  following 
series: — 

Parts  by 
weight. 
Water 08  + Hj 

Hydrochloric  acid     .      Clgj  -}-  Hj 

Hydriodic  acid     .    .       1^^  -J-  Hj 

Hydrobromic  add    •      Brgo  +  ^i 

From  the  inspection  of  this  table  it  wiH  'appear,  that  the  ponderable  quantity  of 
chlorine  necessary  to  take  the  place  of  one  part  by  weight  of  hydrogen  is  equal  to 

•  In  this  and  sacceeding  diagrams  fractionat  numbers  will,  for  the  sake  of  simplicity,  be 
aToided  in  the  numbers  indioatiye  of  equivalent  or  atomic  weights ;  the  nearest  whole  number  to 
the  accepted  atomic  weight  being  chosen* 

CHEMI8TRY.—NO.  II.  S 


measure.              j—  — , , 

Oj-fK,    or    L^    1 

Weight  of 
compound* 
=    9. 

Cl     H 

Cla-t-Hj    or       m]   l 

=    36. 

X      H 

Ij  +  Hj    or      125     1 

=  126. 

Br      H 

fea  +  Kj    or      80     i  j 

=    81.* 
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35  i  of  bromioa^  60 ;  and  of  iodiae^  125.  Hence  the  propdety  of  th^  tenns  ecLiuT^nt, 
and  equiyalent  number;  for  if  8  parts  by  wei^t  of  oxygen  oaa.  ta]ca  ihe  place  of  35 
parts  of  cMorine,  80  parts  of  bromine,  and  .125  parts  of  iodixxe,  then  wiih  ^eat  j^ro- 
priety  bebj  it  be  s»4  that  eiffht  is  tlie  eqniyalent  nnmber  for  oxygen,  or  the ,  number 
of  its  combining  proportion.  The  same  nnmber  is  also  said  to  be  the  atomic  nnmber 
for  oxygen,  36  the  atomic  nnmber  for  chlonne,  ^y  for  reasons  which  will  presently  be 
made  apparent.    ; 

The  numeral  proportionality  which  has  been  seen  to  hold  good  for  the  binary 
combinations  of  hydrogen  with  oxygen,  ehlorinej  iodine,  and  bromine,  are  found  to  hold 
^od  for  aU  other  elements ;  and  inasmuch  as  compounds  are  the  sum  of  their  com- 
bined elements,  so  the  equiyalent  number  of  a  oompound  is  the  sum  of  the  equivalent 
numbers  of  the  elements  entering  into  it.  Thus  we  haye  seen  the  equivalent  weight 
of' hydrogen  to  be  represented  by  1,  of  oxygen  by  8 ;  therefore  the  equivalent  weight 
of  water  must  be  equal  to  8  + 1,  or  9.  Hence  the  equivalent  number  of  simple  bodies 
being  remembered,  and  their  proportions  entering  into  any  particular  compound,  it  i& 
easy  to  ascertain,  by  a  simple  operation  of  addition,  what  is  the  equivalent  number 
belonging  to  the  compound. 

loLW  o£  Definite  CombiaatioB.-— Itis-impossible  to  oveirate  the  importanoe  of 
this  law  of  definite  combination.  To  the  theoretical  chemist  it  affords  an  insight  into 
the  'probable  atomic  constitution  of  matter,  enabling  him  to  Advance  on  grounds  of 
probability  and  rational  arguments,  in  a  matter  concerning  which  philosophers  of 
antecedent  ages  have  been  guided  by  metaphysical  speculations  on  the  one  side,  and 
strained  mathematical  analogies  on  the  other.  To  the  practical  chemist  it  affords 
a  means,  no  less  easy  in  application  than  unerriog  in  its  results,  of  learning  the  neces- 
sary quantities  of  substances  to  be  used  in  his  processes,  and  anticipating  the  quality 
and  the  quantity  of  his  results. 

As  an  example  of  the  advantages  conferred  by  an  acquaintance  with  the  laws  of 
definite  chemical  proportionalism,  I  will  cite  one  simple  case,  although  in  conducting 
the  description  it  will  be  necessary  to  assume  the  knowledge  of  certain  facts  not 
yet  treated  o^  concerning  which  the  reader  may  probably  be  unacquainted. 

It  is  a  quality  of  sulphuric  acid,  in  whatever  soluble  form  existing,  whether  simple 
or  in  combination,  to  combine  with  the  earth  baryta,  and  to  be  precipitated  in  the  form 
of.  sulphate  of  baryta — a  most  insoluble  compound. 

First,  let  the  simple]case  be  assumed  that  a  certain  liquid — perhaps  water—contains 
a  certain  but  small  amount  of  sulphuric  acid,  which  amount  it  is  desired,  by  way  of 
analysis,  to  separate.  To  evaporate  away  the  water  and  leave  the  sulphuric  acid,  in 
the  condilion  of  one  part  acid  to  one  of  water  (oil  of  vitriol  of  commerce),  if  possible 
at  all,  would  at  any  rate  be  exceedingly  difficult,  and  would  involve  the  necessity  of  an 
amount  of  delicacy  in  manipulation  far  too  great  .for  ordinary  practice.  Having  con- 
fidence, however,  in  the  law  of  chemical  proportionality,'  aild  being  aware  that  the 
combination  of  sulphuric  acid  with  baryta  is  an  insoluble  body,  the  operator  would 
proceed  to  throw  in  some  of  a  solution  containing -baryta-^-nitrate  of  baryta  for 
example— and  he  would '  continue  the  operation  so  long  as  any  precipitate  made  its 
appearance ;  he  would  then  dry  his  preeipitate,  weigh  it,  and  refening  to  some  list  of 
chemical  equivalents,  for  the  purpose  of  aseertaining  the.  proportional  combination,  of 
sulphuric  acid  with  baryta,  would  find  that  every  116  parts  of  sulphate  of  baryta 
contained  forty  parts  of  sulphuric  acid.  On  this  principle  of  indirect  demonstration  are 
by  far  the  greater  number  of  analytical  points  detennined. 
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EacteiiAing  the  sphere  of  out  olisenratlon,  let  it  he  aseumed  that  a  ma&niHctBrer, 
hiving  a  gi^v^tt  ireight  of  nitrate  of  harfta  in  sol&tiocL,  dedresto  form  nitrate  of  potash 
and  sulphate  of  haryta,  by  the  addition  of  sulphate  of  potash,  a  decomposition  which 
11187'  ^  ^^  repreaiaited  by  means  of  a  diagram. 


Syl^teof 
potash 

Nitrate  of 
fi  haryta 


Bslaah 

Sulphuric 
acid 

Kitric 
acid 

Baryta 


'l^itrate  of  potash. 


.Sulphate  of  baryta  v- 


In  this  diagram  the  qualitatiye  decomposition  is.  represented,  no  cogniaanoe  being 
taken  of  quantities.  The  diagram  is  so  arranged  that  the  nitrate  of  potash,  remaining 
in  fohition,  appears  in  the  upper  part,  whilst  sulphate  of  baryta,  being  insoluble,  prc- 
ei^tMes,  as  yery  conveniently  indicated  by  a  triangle,  with  its  apex  downwards. 

The  measure  of  information  giyen  by  this  diagram  is  extremely  slight,  •  compared 
with  what  it  would  have  been  had  the  proportional  quantities  of  substances  entering 
into  decomposition  been  indicated.  The  diagram  shall,  therefore,  be  reconstructed,  so 
As  to  embody  the  following  facts : — 


The  eqnivaleiit  or  combining  nnmber  of  vulphuric  acid  is  . 
„               „               „          of  baryta 
„               y,               „          of  nitric  acid   . 
„              „              „         of  potash 
Solphate  of  baryta  is  composed  of  1  eqniyal^it  baxyta  "(- 1  equi- 
yalent  of  sulphuric  aeid ;  its  equiyalent  nnaher  is,  there- 
.  fore 


40 
77 

H 
48 


117 


Nitrate  of  potash  ia  composed  of  1  equivaieat  of  nitric  acid 
4*  1  eqniyalent  of  potash ;  therefore  ita  equivalent  num* 
beris .102 


fieducing  this  fact  to  a  diagrammatic  form,  we  have— 


1   Sulphate  of 
potash  =  88  ' 

f  1    Potash  • 

=  48 
1  Sulphuric^ 
^  acid  =  .40 

/ 1  Nitric  acid' 

1  Nitrate  of 

=  64 

baryta  ==  131 

1  Baryta  - 

^      =77 

1  Nitrate  of 
potash  =  103 


1  Sulphate  of 
baryta  v= 117 


Thus,  it  would  appear  that,  supposing  131  parts  of  nitrate  of  baryta  to  be  in 
solution,  eighty-eight  parts  of  sulphate  of  potash  would  be  required  for  its  complete 
decomposition.  The  result  would  be  117  parts  of  sulphate  of  baryta^  and  102  parts 
of  nitrate  of  potash.     It  need-  scarcely  be  indicated  that  the  ratio  of  combination  ; 
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being  oncQ  known,  the  quantity  of  nitrate  of  potaah  and  milphate  of  baryta  for  any 
possible  quantities  of  sulphate  of  potash  and  nitrate  of  baryta  may  be  ascertained  by 
a  simple  rule  of  proportion. 

An  examination  of  the  preceding  diagram  will  afford  a  ready  explanation  to  a 
circumstance  first  noticed  by  the  Saxon  chemist,  Wenzel— that  when  two  neutral  salts 
decompose  each  other,  the  results  are  also  neutral,  because  if  bodies  combine  in  the 
ratio  of  their  equiyalents,  it  is  evident  that  the  mutually  exchanging  bodies,  being 
mutual  equiyalents,  possess  a  mutual  satisfying  power.  ThU  expression  of  an  isolated 
fact  would,  if  extended  to  other  facts  of  parallel  character,  and  reasoned  upon,  have 
led  to  a  knowledge  of  the  universality  of  definite  proportionalism. 

There  are  many  examples  in  which  bodies  imite  in  one  proportion  only ;  and  in  all 
such  cases  the  proportion  of  the  elements  of  a  compound  must  be  uniform  for  the 
species.  Thus,  hydrogen  and  chlorine  unite  in  no  other  proportions  than  those  con- 
stituting hydrochloric  acid,  which,  by  weight,  are  one  of  the  former  to  thirty-five 
of  the  latter.  Whatever  of  either  ingredient  is  in  excess  remains  nncombined 
after  the  experiment.  In  cases  of  this  sort,  combination  is  generally  energetic, 
and  the  characteristic  qualities  of  the  components  are  no  longer  observable  in  the 
compound. 

Other  bodies  unite  in  several  proportions ;  but  these  proportions  are  definite,  and, 
in  the  intermediate  ones,  no  combination  ensues.  Thus  six  parts  by  weight  of  carbon 
combine  with  eight  of  oxygen,  or  with  sixteen,  but  with  no  intermediate  quantity ; 
sixty-four  parts  of  copper  combine  with  eight  of  oxygen,  or  with  sixteen,  and  with 
those  proportions  only.  This  law  of  eombinathn  in  deJiniU  proportions^  though  deducible 
from  the  previous  experiments  of  Wenzel,  seems  to  have  been  first  discovered  and 
established  by  a  series  of  researches  undertaken  with  that  view  by  Richter  of  Berlin, 
and  published  between  the  years  1796  and  1798.  The  great  object  of  that  chemist  was 
to  determine  the  relative  capacity  of  saturation  of  the  acids  and  bases,  and  to  represent 
them  by  a  series  of  numbers,  serving  the  same  purpose  as  the  Tables  of  Chemical 
Equivalents  now  constructed.  It  is  unnecessary  to  copy  the  Table  of  Richter,  because 
the  results  are,  for  t]^e  most  part,  inaccurate ;  but,  notwithstanding  this,  the  merit  of 
the  first  conception  of  such  a  ti^le  unquestionably  belongs  to  him.  Front  afterwards 
contributed  to  establish  the  law,  by  showing  that  iron  and  antamony  do  not  imite  with 
oxygen  in  all  proportions,  but  only  in  very  few  determinate  ones ;  and,  in  a  contro- 
versy with  Berthollet,  which  was  most  ably  and  temperately  conducted  on  both  sides, 
he  urged  .convincing  aignments  in  favour  of  limited  combinations. 

It  now  remains  to  investigate  the  ratios  which  subsist  in  series  of  combinations. 
These  ratios  are  exceedingly  simple,  being  one  pf  the  following  series*    Either 

A  unites  with  1,  2,  3,  4,  6,  &c.,  ofB;  or, 
A  unites  with  1,  IJ,  2,  21,  3,  3},  &c.,  of  P. 

The  first  series  comprehends  by  far  the  larger  number  of  chemical  combinations. 
One  example  has  already  been  furnished  by  the  series  of  water  and  peroxide  of 

hydrogen.    Thus 
'      *  Parti  by  weight. 

Hydrogen.     Oxygen.     Batio. 

"Water 1-^8.1 

Peroxide  of  hydrogen.  .  .  .    1      +      IS  2 
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The  two  oxfgen  o(Miipoiiiid8  of  oarbon  also  a&ftd  an  examplifioatioii. 


Carbonic  oxide 
Carbonic  acid 


Parts  by  weight. 
Carbon.       Oxygen. 

,     6       +         8 
.6       +      16 


Ratio. 

1 
2 


A  nune  extended  series  is  furnished  by  the  nitrogen  compounds  with  oxygen,  which 
is  interesting  for  l^e  further  reason  that  this  series  was  the  one  firit  cited  by  the  illns* 
trious  Balton,  aa  exemplifying  his  theory  of  atoms,  soon  to  be  discussed. 


Parts  by  -weight. 

Nitrogen.       Oxygen. 

Batlo. 

Protoxide  of  Nitrogen 

.     14 

+        8 

1 

Binoxide  of  Kitrogen 

.     14 

+      16 

2 

Hyponitrous  acid 

.     14 

+      24 

3 

Nitrous  acid 

.     14 

+      82 

4 

Nitric  acid    , 

.     14 

4-       40 

6 

Compounds  belonging  to  the  second 

series  are  more 

rare.     The 

foUowii 

examples:  — 

Parts  by  weight. 

Iron. 

Oxygea. 

Ratio. 

Protoxide  of  iron  » 

.     28 

8) 
12  J 

1 

Sesquioxide 

.    28 

n 

Protoxide  of  lead. 

.  104 

®) 

1 

Sesquioxide 

.  104 

12;. 

H 

Binoxidtf 

,  104 

16) 

2 

Arsenious  acid     , 

.    38 

12) 
20) 

H 

Arsenic  acid 

.    38 

2t 

Hypophosphoms  acid 

.     16 

^) 

i 

Phosphorus  acid  . 

.     16 

U, 

1* 

Phosphoric  acid   , 

.     16 

20) 

2i 

It  will  be  seen,  therefore,  that  not  only  in  all  marked  cases  of  chemical  combinfllions 
do  substances  unite  in  very  simple  ratios,  but  that  these  ratios  of  combination  for  the 
same  bodies  are  inyariable,  and  that  their  numeral  exponents  are  mutually  propor<« 
tionaL  An  example  has  been  cited  of  the  utility  deriyablc,  both  to  theoretical  and  to 
practical  chemistry,  from  an  application  of  this  knowledge^  which  may  be  rendered 
still  more  readily  ayailable  by  means  of  the  sliding  scale  of  the  late  I)r.  Wollaaton. 
Arailing  himself  of  the  well-known  properties  of  a  logarithmic  scale  of  numbers,  this 
philosopher  subjected  the  numbers  of  chemical  equiyalents  to  this  arrangement,  by 
which  the  resulting  proportions  of  any  elements,  as  also  the  proportions  of  new  sub* 
stances  generated  from  their  action,  can  be  read  off  by  simple  inspection. 

Asa  slight  inspection  of  this  instrument  renders  evident  ita  principles  and  its  appiU- 
cation,  further  description  is  imneoessary*  Its  emplo3rment,  howerer,  cannot  be  too 
strongly  recommended  to  aU  who  have  much  ocQasion  for  calculating  the  amounts  of 
teaoting  substances,  and  the  products  generated. 

It  is  to  Dr.  Bidton  that  we  are  indebted  for  the  first  correct  instance  of  sooh  % 
sinple  multiple  in  the  union  of  nitrous  gas  with  oxygen,  and  for  the  first  distinet 
anticipation,  founded  on  weU-asoertained  facts,  of  the  general  law  of  multiple  coni*» 
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bination.  For,  though  it  ia  due  to  the  lata  Mr.  Higgixu^  of  Dublin,  to  state  that,  in 
an  ingenious  work,  published  in  1789,  entitled,  '^A  Comparatiye  View  of  the  Phlogistic 
and  Antiphlogistic  Theories,"  he  had  represented  the  combinations  of  azote  with 
oxygen,  and  those  of  sulphur  with  oxygen,  to  form  such  a  series  that  the  iiuccessiye 
doses  of  oxygen  are  all  equal  multiples  of  the  first;  yet,  as  Dr.  "Wollfston  has 
remarked,  "  these  proportions  were  conceived,  rather  than  observed,  to  occur."  Little 
attexstdon  seems,  indead,  to  have  been  given  to  the  subject  until  the  year  1808>  ^hen 
facts  of  A  ramikr  kind,  but  under  a  more  tangible  form,  w^e  published  by  Dr. 
Thomson  and  Dr.  WoUaston,  with  regard  to  neutral  and  supecftBid,  oar  subadd,  aalt& 
These  facts  all  tended  to  show  that  the  quantity  of  acid,  combined  with  bases  in  certain 
super-salts,  is  p;recisely  double ;  and  in  certain  sub-salts,  precisely  half,  of  that  which 
is  saturated  by  the  same,  quantity  of  base  in  their  neutral  compounds. 

IttLW  of  Volumes^— An  extension  of  the  law  of  definite  proporti6ns,  so  far  as 
respects  aeriform  bodies,  has  been  proposed  by  Gay  Lussac,  namely,  that  they  combine 
in  proportions  determinable  by  voltwtef  the  ratios  being  1  volume  of  A  to  1  of  B,  or  1 
to  2,  or  1  to  3,  &c.  "Water,  for  example,  results  from  the  union  of  two  volumes  of 
hydrogen  gas  with  one  volume  of  oxygen  gas ;  hydrochlorate  of  ammonia  from  one 
volume  of  mUriatib  acid  gas  +  1  of  animonia ;  nitrous  gas  from  one  measure  of  oxygen 
-f-  1  of  nitrogen ;  nitrous  oxide  from  1  oxygen  -)-  2  nitrogen ;  nitrous  acid  from  2 
oxygen  +  X  nitrogen. 

When  the  product  remains  gasequs,  there  is  either  no  cpndensatian  of  clients,  or, 
if  there  be  a  condensation,  it  bears  some  simple  and  uniform  relation  to  the  vplumes  of 
the  gases  which  have  combiued ;  Thus, 


Vol. 

:  2  hydrochloric  acid  gas. 
z  2  aqueous  vapour. 
1  nitrous  oxide. 


Vol.     ■  Vol. 

1  of  chlorine  +  1  hvdrog. 

2  of  hydrog.   +  1  oxyg. 
1  of  nitrog.     +  -J  oxyg.  , 
1  of  nitrog.     +  1  oxyg.     =  2  niti*ous  gas. 

Having  established  the  law  of  definite  and  multiple  volumes,  in  a  variety  of  cases 
aduHttrng  of  the  actual  measurement  of  the  volumes  before  and  after  combination, 
Gay  Lussac  extended  it  to  other  cases  of  chemical  union,  where  one  of  the  bodies  is 
not  known  to  us  as  a. gas  in  its  separate  form.  For  esunple,  we  have  never  yet  seen 
gaseous  earbon^  but  we  conclude  from  analogy  that,  at  a  sufficiently  high  ten^erature, 
it  wcfuld  be  capable  of  being  volatilized.  We  know,  also,  that  by  combination  with 
oxygen  and  with  hydrogen,  carbon  furnishes  gaseous  com^unda,  and  that  oxygen  gas^ 
by  having  chatcofd  bumed  in  it,  has  its  ^ecific  gravity  increased  from  1*1111  to 
1*5277,  itayoLume  remaining  the  same*  The  difiecence  between  these  two  Bumben 
wHl,  therefbse,  denote  the  weight  of  carbon  which  a  volume  of  oxygen  has  absorbed-w 
viz,f  1*5277  -^  1*1111  s=  0*4166.  From  analogy,  Giy  Lussac  coneludes,  th«,t  one 
volume  oi  igaseous  eorbon  unites  with  one  Tohune  of  oxygen-  gas  to  form  carbonic  Acid, 
and  that  0*4166  repiesents  the  weight  of  the  former.  But  it  is  evident  that  the  &eta 
we  equally  wsU  explained,  if  we  suppose  a  greater  or  leas  volume  of  f^ueoua  carbon  to 
be  so  combiued,  provided  its  weight  be  proportional  r  for  eTiimple,  two  rolxunea.xif 
oarbon  weighing  half  the  above  number,  or  0*^83  X  2,.  may  unite  witli  one  vokune  of 
oxygen  to  fioErm  carbonic  acid^  .  Xn  all  such  iuatances,  ihen,  it  is  ^matter  of  theory  thai 
bodies,  not  known  to  us  as  g^sei^  unite  in  voinmea  which  are  equal,  or  multiples,  os 
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sab-Bialti]^M,  of  those  of  known  gates ;  nor  ean  we  bo  oevtain,  admitttag  ibe  probii^ 
btiitf  of  lueh  ccnMsaitiorm,  tfasttiw  vofanoM  aseigiied  are  aotaally  tke  true  ones. 

Of  the  JLtOMiiir  Xhmiujfm^^ThB  remadcablo  proportianai  relation  existing  betweoi 
■abBtanoes  enteting  into  eheaiioal  oombinatifMiy  nuuiifesting  xtMif  not  00I7  in  weight 
but  in  Yoinmo  alsO|  aaUs  wa  our  cogmseance  of  Tokime  can  penettitte,  ean  acareely  be 
obaervod  without  atouttng  spsculationB  as  to  the  «ause  of  such  proportionality*  Ko  d 
prion  TSason  eoold  hare  been  offered  why  eight  and  sizteen  paiti»  by  weight,  of 
oxygen  respecti^y^  should  oombine  with  ono  part  by  weight  of  hydrogen ;  but  ip  no 
intannedis^  ympoitioitia.  Neither oould  any  d  pWertreasooing  b&  addooed  to  explain  why 
tiae  eight  parts  by  weight  of  oxygen  gas  should  oooupy  exactiy  twice  the  space  of  one 
part  by  weight  of  hydrogoi.  But  sveh  bein^  the  laws  of  their  combination,  the  law 
of  proportioAal  Tolumes  extending  to  all  snbstanees  wiiieh  have  hitherto  been 
examined  in  the  state  of  gas  or  re^nr,  and  the  law  of  propoitional  weights  being 
mtivemal  for  all  classes  of  bodies, — ^whether  solids,  liquids,  or  gases,— &cts  so  curioiis 
in  tjiemselves,  so  impottaat  in  their  applications,  might  natandly  create  a  dqsixe  to 
eomprshend  their  rationale. 

Toaming  his  mind  in  the  ohannel  of  iliese  speonlatioBs,  it  oeeaired  to  the  aagaoity. 
of  tfae  tlhistrioas  Dalton,  that  the  deftnite  proportionality  of  oheraieal  oombiiiaiaoit 
eaidd  most  naturally  be  acoonnted  for  on  the  assumption  of  the  atomio  constitiation  of 
matter.  Thus  originated  the  modem  atomic  theory,  which,  for  beanty  and  camprdien<9 
Slyness,  IB  pgrobahly  not  exoeUed  by  any  other  epeenlatimi ;  wttether  in^chemiatry  or 
in  any  other  science. 

Before  o£EiBxing  atfy  remarks  on  the  bearing  which  definite  proportionaHty  haa  on 
tfaa  ^ory  of  atom^  it  may  be  desirable  to  present  a  sketch  of  the  progress  of  this 
iheoiy,  from  snoieDt  times  to  Hie  preaeat.  Finrt,  then,  wliat  are  we  to  undentand^by 
the  term,,  atom  ?  Popular  appfociadon  assoeiates  the  word  atom  with  an  idea  ol 
some  eaeeedin^y  small  paitiole,  an  idea  which  is  practically  eorreot.  This  idea^ 
however,  <nls  to  oonrey  the  most  chaiaotesiBtic  foality  of  an  atom,  a  term  iminadi* 
atsly  dettrable  from  the  Oreek  -voids  »  fc^iMn^*^'*  4,,  incapable  of  beiqg  0%  ^ 
indi^ibie. 

hi  Older  to  ha^re  aoorreet  appnoiatidn  of  atoms,  it  does  not  sufice  to  regard,  Hhem 
as  Tery  small  particles  of  matter.  This  is  an  idea  secondary  in  its  nature,  odUatend  tQ 
the  st^jeet,— not  bearing  direcdy  upon  its  chemioal  character.  The  direct  idea  is  that  of 
xadivisibifity.  Any  poHMn  of  matter  which  oannot  be  further  divided  is,  aeoording  to 
the  definition,  an  atom,  InrespectiTe  df  the  area  in  iqiaoe  which  it  may  fill.  Ina0n|iMJ|» 
howervw,  as  Ihe  most  ordinarily  ooconing  phenomena  show  that  matfm;  of  whatetmr- 
kind  ean  be  dMded  indefinitely,  within  any  limits  of  which  our  aenaes  can  tafe?. 
oogKbanse— 4liereiSnre,  eu^»osing  matter  to  be  atomic,  it  ibUows  that  inch  atoms  must, 
be  etxoeedingly  small  Heooo  tho  inditeet  or  oblique  idea  of  amaUneas  whioh  has  Oidma, 
to  attadb  to  Iho  expresdcm,  atoai*  A  keen  eontiovexsy  was  oanied  on  amcm^pBt  the 
aneisttt  Oreeha  a»  to  atomio  or  noa-etomteiUTisioD  of  matter.  Aeoordiag  to  one  aide», 
it  w«a  aisQiaed  tiiat  taittor  oonld  be  dindsd  indefinteiy ;  aoODrdiz%  to  the  othex^  it 
was  aSBmned  thfft^  on  eaxryiiLg  snbdivisioiLto  a  certain  extent,  a  limit  wOnld]  at  langtb^ 
be  axfived  at,  b^oad  which  matter  was  iio  hmger  dsnaable.  This  aiyiiaent  waa 
carried  cm  with  groat  ^perthiaei^,  aad  snppoctsd  with  planaihlie  eiidaMdy  on.  ^thor 
aide;liut£ri]owedbysop«a0tleal]issult*  .  ^    ;. 

jsk  ofppaitioa  to  Ihe.axist^Bce  ot  ateaai^it  was  argued  to  be  irrational  to  suppose 
that  any  particle  of  matter,  ho^mor  anall,  might  not  be  liirthser  dirided.    L^  iavour 
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of  their^  existence,  the  coimter-argument  waa  adyanced,  that  the  non-atomists  had 
introduoed  into  their  reasonings  the  Mlacj  of  confounding  matter  with  the  space  it 
occupies ;  that  although  space  may  be  conceived  to  be  infinitely  divisible,  yet  matter 
filling  space  may,  neyertheless,  be  composed  of  particles  so  hard  that  no  existing  power 
can  sever  them, — ^which  postulate  granted,  matter  would  necessarily  be  atomic. 

Thus  the  question  rested  until  the  discovery  of  lenses  created  a  new  hope  that 
atoms,  if  they  really  existed,  might  be  seen ;  but  all  attempts  of  this  kind  having 
proved  firuitless,  the  dispute  was,  by  tacit  consent  of  philosophers,  allowed  to  rest,  as 
being  amongst  those  impenetrable  subjects  which,  admitting  of  no  proof^  only  furnish 
a  scope  for  the  exercise  of  sophistry,  and  the  wandeiings  of  mysticism.  But  when  the 
law  oi  definite  proportiont  and  that  of  frndtipU  proportions  had  been  established  by  a 
sufficient  number  of  examples,  it  became  natural  to  inquire  what  is  the  reason  of  this 
uniformity,  and  what  is  the  cause  which  renders  combination  in  other  proportions 
impossible.  Mr.  Higgins,  taking  for  granted  the  correctness  of  the  instances  already 
quoted,  had  been  led  to  conceive  the  theory  of  combination  by  ultimate  particles,  and 
to  illustrate  it  by  a  series  of  diagrams,  so  constructed  as  to  explain  the  phenomena  of 
chemical  decomposition  by  a  comparison  of  the  attractive  forces  of  those  particles. 
But,  though  there  is  much  in  Mr.  Higgins's  views  that  entitles  him  to  the  praise  of 
great  ingenuity,  yet  they  are,  in  severid  respects,  erroneous,  and  are  at  best  to  be  con- 
sidered as  mere  hints,  which  were  not  subjected  by  their  author,  at  any  subsequent 
period,  to  a  more  copious  and  rigorous  induction,  nor  indeed  estimated  by  him,  at  the 
time,  as  of  the  importance  which  really  belonged  to  them. 

A  few  years  afterwards.  Dr.  Balton,  without  the  slightest  knowledge  of  the  pre- 
vious speculations  of  Mr.  Higgins,  formed  the  first  distinct  conception  of  that  happy 
generalization,  which  now  passes  under  the  name  of  the  Atomic  Theory  of  the  Chemical 
Qmstitution  of  Bodies,  To  this  he  was  led  by  long  and  patient  reflection  on  the  then 
ascertained  phenomena  of  chemistry.  In  October,  1803,  he  communicated  to  the 
Manchester  Society  an  essay,  ccmtaimng  the  first  general  outline  that  was  published  of 
his  speculations.*  This  was  £>llowed,  in  1808,  by  a  fuller,  but  still  very  ooncise, 
development  of  his  views,  in  the  first  part  of  his  *'  New  System  of  Chemical  Philo- 
sophy." Of  this  theory  such  illustrations  as  are  now  offered  will  render  it  intelligible 
to  the  reader. 

When  the  chemical  union  of  bodies  is  effected,  though  it  appears  to  operate  on  mauee, 
yet  it  is  consistent  with  the  most  rational  view  of  the  constitution  of  bodies  to  believe 
that  it  is  only  between  their  ultimate  partidee  that  combination  takes  place.  Of  such 
ultimate  particles  the  existence,  it  must  be  confessed,  cannot  be  demonstrated ;  nor  can 
anything  more  than  a  high  degree  of  probability  be  alle^  in  f&roxa  of  their  existence ; 
this  degree  of  probability,  however,  much  outweighs  any  that  can  be  produced  in  proof 
of  the  infinite  divisibility  of  matter.  On  this  subject  the  immortal  Newton,  after  reflect- 
ing on  the  then  known  chemical  phenomena,  has  thus  expressed  himself  (in  the  thirty-first 
Query,  subjoined  to  his  Treatise  on  Optics,  fourth  edition,  p.  3^0}  :--*<  It  seems  to  me 
probable  that  Ood,  in  the  beginning,  formed  matter  in  solid,  massy,  hard,  impenetrable, 
moveable  particles,  of  such  sizes  and  figures,  and  with  such  other  pn^^erties,  and  in 
such  proportions  to  space,  as  most  conduced  to  the  end  for  which  he  fonned  ihem;  and 
that  the  primitive  particles,  being  solids,  are  incomparably  harder  than  any  porous 
bodies  compounded  of  them ;  even  so  very  hard,  as  never  to  wear  or  break  in  pieces, 

•  Han.  Hem.  Second  Series,  vol.  L  Sft6.   To  tUs  Essay  Dr.  Dalton  lias  umezed  *<ATaUeof  the 
Belative  Weif  hto  of  the  Ultimate  Partielea  of  Oaieoas  and  other  Bodies.*' 
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BO  ordinary  power  being  able  to  divide  what  God  himself  made  one  in  the  first  creation," 
&c.  To  this  argument,  drawn  from  general  physics,  others  of  a  similar  kind  haye  been 
add&d  by  Leibnitz  and  Boscovich ;  and  conclusions,  of  the  same  tendency,  haye,  in 
more  recent  times,  been  deduced  from  astronomical  observations.  In  an  essay  on  the 
Finite  Extent  of  the  Atmosphere,  published  in  the  PHl.';Trans.  for  1822,  Dr,  Wol- 
laston  has  observed,  that  *^  since  the  law  of  definite  proportions,  discovered  by 
chemists,  is  the  same  for  all  kinds  of  matter,  whether  solid,  fiuid,  or  elastic,  if  it  can 
be  ascertained  that  any  one  kind  of  matter  consists  of  particles  no  longer  divisible,  we 
can  then  scarcely  doubt  that  all  other  bodies  are  similarly  constituted ;  and  we  may 
without  hesitation  conclude  that  those  eqtiivalent  quantities,  which  we  have  learned 
to  appreciate  by  proportionate  numbers,  do  really  express  the  relative  weights  of 
elementary  atoms,  the  ultimate  objects  of  chemical  research."  From  a  series  of 
observations  on  the  planet  Jupiter,  Dr.  Wollaston  was  led  to  conclude,  that  *^  as  this 
planet  has  not  his  due  share  of  an  infinitely  divisible  atmosphere,  the  universal  pre- 
valence of  such  a  medium  cannot  be  maintained ;  while,  on  the  contrary,  all  the 
phenomena  entirely  accord  with  the  supposition  that  the  earth's  atmosphere  is  of  finite 
extent,  limited  by  the  weight  of  ultimate  atoms  of  definite  magnitude,  no  longer 
divisible  by  repulsion  of  their  parts." 

The  ultimate  particles,  then,  or  atoms,  of  all  bodies,  probably  consist  of  solid 
corpuscles,  each  of  which  forms  a  nucleus,  surroimded  by  an  atmosphere  of  heat 
Absolute  contact  is  not  supposed  ever  to  take  place  between  &e  atoms  even  of  inelastic 
bodies,  since,  at  all  temperatures  to  which  we  have  access,  the  subtraction  of  heat  from 
a  body  is  followed,  except  when  the  body  changes,  or  is  about  to  change  its  state,  by  a 
contraction  of  volume.  Of  simple  atoms,  it  seems  most  probable  that  the  thape^  or 
jfl^re  is  spherical.  But,  of  compound  atoms,  consisting  of  a  single  central  atom,  sur- 
rounded by  other  atoms  of  a  different  kind,  it  is  obvious  that  the  figures  (contemplating 
the  solid  corpuscles  only)  cannot  be  spherical;  yet,  if  we  include  the  atmosphere  of 
heat,  the  figure  of  a  compound  atom  may  be  spherical,  or  some  shape  approaching  to 
ft  sphere. 

Taking  for  granted  that  combination  takes  place  between  the  atoms  of  bodies  only, 
Dr.  Dalton  has  deduced,  from  the  relaiwti  weights  in  which  bodies  unite,  the  relative 
weights  of  their  ultimate  particles,  or  atoms.  This  is  all  that  we  are  likely  to  deter- 
mine respecting  them ;  for  It  is  not  probable  that  our  knowledge  will  ever  extend 
beyond  the  ratios  of  these  weights.  When  only  one  combination  of  any  two  elemen- 
tary bodies  exists,  he  assumes,  imless  the  contrary  can  be  proved,  that  its  elements  are 
united  atom  to  atom  singly.  Combinations  of  this  sort  he  calls  binary.  But,  if  several 
compounds  can  be  obtained  from  the  same  elements,  they  combine,  he  supposes,  in 
proportions  expressed  by  some  simple  multiple  of  the  number  of  atoms.  The  following 
table  exhibits  a  view  of  some  of  these  combinations : — 

1  atom  of  A  -t-  1  atom  of  B  =  1  atom  of  C,  binary* 
.1  atom  of  A  Hr  2  atoms  of  B  =  1  atom  of  D,  ternary. 

2  atoms  of  A  -f  1  atom  of  B  =  1  atom  of  £,  ternary, 

1  atom  of  A  +  3  atoms  of  B  =  1  atom  of  F,  quaternary, 

3  atoms  of  A  -j-  1  atom  of  B  =  1  atom  of  G,  quaternary* 

These  combinations  Dr.  Dalton  represented  by  characters,  of  which,  as  they  have 
not  oome  into  goneral  use,  I  shall  oflbr  only  a  few  examples.  From  their  figure,  they 
appear  to  me  better  adapted  than  symbols  of  any  other  shape,  to  aid  our  conceptions  of 
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tlie  manner  in  which  spherical  atonu  may  unite.    Oxygen  ia  denoted  by  o ;  Hydoogen 
by  0 ;  Nitrogen  by  <d  ;  Carbon  by  # ;  and  so  of  the  rest 

In  water  we  have  1  atom  of  oxygen  united  with  1  atom  of  hydrogen,  o  0*    ^^ 
binary  compound  of  oxygen  and  nitrogen  mAy  be  repreeeoted  by  o  (]>*    The  temny 

tjompoond  by  o  CD  O-    The  quaternary  compound  by    (Dq. 

As  an  illustration  of  the  mode  in  which  the  relatiye  weights  of  the  atoms  of  bodies 
are  determined,  let  us  suppose  that  any  two  elementary  substances,  A  and  B,  form  A 
binary  compound ;  and  that  they  have  been  proved  experimentally  to  unite  in  the 
proportion,  by  weight,  of  6  of  the  former  to  4  of  the  latter;  then  since,  acoordia^  to 
the  hypothesis,  they  unite  particle  to  particle,  those  numbers  will  express  the  rdative 
Nveights  of  their  atoms.  But  besides  combining  atom  to  atom  singly,  1  atom  of  A  may 
combine  with  2  of  B,  or  with  8,  4,  &c.  Or  1  atom  of  B  may  unite  with  2  of  A,  Ctr 
3,  4,  &c.  When  such  a  series  of  compounds  exist,  the  relative  proportion  of  theur 
elements  ought  necessarily,  on  analysis,  to  be  proved  to  be  5  of  A  to  4  of  B;  Of 
5  to  (4  X  2  =)  8  ;  or  5  to  (4  X  3  =)  12,  &c ;  or  contrariwiBe,  4afBto^ofAj«p 
4to(5  X  2=)  10;  or4to(o  X  3  =)  15.  Between  these  there  ought  to  be  no  ioter- 
mediate  compounds :  and  the  existence  of  any  such  (as5ofAto6of  ByOr4of,  B 
to  71  of  A)  would,  if  dearly  established^  militate  against  the  hypothesis. 

To  verify  these  numbers,  it  is  necessary  to  examine  the  eombinatiQna  of  A  and  B 
with  other  bodies.  Let  us  take  C  for  example ;  and  let  us  suppose  that  A  and  G  form 
a  binary  compound,  in  which  analysis  discovers  6  parts  of  A  and  3  of  G*  TheOy  if 
0  and  B  are  also  capable  of  forming  a  binary  oQznpound,  the  relative  proportion  of  it« 
elements  ought  to  be  4  of  B  to  3  of  C ;  for  these  numbers  denote  the  relative  wei^ts 
of  their  atoms.  Kow  this  is  precisely  the  method  by  which  Mr.  Dalton  deduced  the 
relative  weights  of  oxygen,  hydrogen,  and  nitrogen ;  the  two  first  &om  the  loaowa 
composition  of  water,  and  the  two  last  from  the  proportion  of  the  elements  of  ammonia. 
Extending  the  comparison  to  a  variety  of  other  bodies,  he  obtained  a  scale  of  the 
relative  weights  of  their  atoms ;  which,  corrected  to  agree  with  recent  experimenti^  is 
as  follows : — 

1.  In  iM^,  the  hydvogen  is  to  the  ooiygen  as         1  to  8* 

2.  In  okJimUgas,  the  hydrogen  is  to  the  carbon  «■  i  to  6. 

3.  In  carbonic  ^xide,  the  oxygen  is  to  the  carbon  as  8  to  9. 

Whether,  therefore,  we  determine  the  weight  of  the  atom  of  carbon,  from  the  pro- 
portion in  which  it  combines  with  hydrogen,  or  with  oxygen,  we  aziive  at  the  same 
number,  6 :  an  agreement  which,  as  it  occurs  in  various  other  instances,  can  scaxoely 
be  an  accidental  coincidence.  In  a  similar  manner,  8  is  deducible,  as  representing  the 
atom  of  oxygen,  both  from  the  combination  of  that  base  with  hydrogen  and  with 
carbon ;  and  1  is  inferred  to  be  the  relative  weight  of  the  atom  of  hydrogen  from  the 
two  principal  compounds  into  which  it  enters. 

In  selecting  &6  body  which  should  be  assumed  as  unity.  Dr.  Balton  has  been 
induced  to  fix  on  hydrogen,  because  it  is  that  body  which  unites  with  others  in  the 
smallest  proportion  by  weight.  Thus,  in  water,  we  have  1  of  hydrogen  by  weight 
to  8  of  oxygen ;  in  olefiant  gas,  1  of  hydrogen  to  6  of  carbon ;  and  in  sulphureted 
hydrogen,  1  of  hydrogen  to  16  of  su^hur.  Takiag  lor  gra&ied  iShai  tSk  ikmt  liodies 
are  binary  compounds,  we  have  the  IbUowi^g  sosle  of  aumbets^  ^Kpxmtf  ol  ih« 
relative  weights  of  the  atoms  of  their  elements  :— 
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Oxygen  =  1. 

Oxygen  = 

.  0-125 

1-^5 

,  075 

7-60 

.  1-75 
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Hydiogen  •  .  .           *           .  .1 

Oxygen      »  »  »           .            .  .8 

Carbon       .  .  .           .  .6 

fin^nr     •  ....  .  H 

Drs.  "WoUaston  and  Thomson,  and  Professor  Berzelius,  on  the  other  hand,  have 
aesiuned  oxygen  as  the^  decimal  unit  (the  f^at  nuiking  it  10,  the  second  1,  and  the 
third  100),  chiefly  with  a  view  to  facilitate  the  representation  of  the  numerous  com- 
pounds of  oxygen  with  other  bodies.  This  is  to  be  regretted,  even  though  the  change 
maybe  in  some  respects  for  the  better,  because  it  is  extremely  desirable  that  chemical 
writers  should  employ  a  standard  of  comparison  for  the  weights  of  the  atoms  of  bodies 
that  may  be  universally  and  at  once  understood ;  and  the  hydrogen  scale  appears  to 
deserve  a  preference,  because  the  numbers  composing  it,  so  far  as  experiment  has  yet 
shown,  are  so  nearly  simple  multiples  of  the  weight  of  hydrogen  taken  as  1,  that  the  * 
deviations  firom  strict  conformity  to  the  rule  may  be  safely  ascribed  to  unavoidable 
errors  of  manipulation.  But  the  scale,  in  which  oxygen  is  taken  as  imity,  necessarily 
involves  the  use  of  jfractional  numbers,  as  in  the  following  examples : — 

Hydrdgen 

Carben 

Nitrogen 

It  is  true  that  those  numbers  are  easily  converted  into  each  other  by  a  simple 
arithmetieal  rule.  Thus  to  know  what  number  would  be  equivalent  (oxygen  being 
supposed  1,  10,  or  100)  to  any  known  number  on  the  hydrogen  scale,  say  as  8  is  to 
1,  10,  or  100,  so  is  the  known  equivalent  to  the  number  sought.  And,  on  the  other 
hand,  the  equivalent  in  the  hydrogen  series  to  any  known  number  on  the  oxygen  scale 
is  obtained  by  the  proportion  1,  10,  or  100  :  8  :  :  the  given  number  :  the  number 
sought. 

When  any  two  bodies  unite,  so  far  as  we  know,  in  one  pr(^ortion  only,  the  relative 
weight  of  their  atoms  is  in  most  cases  determined  by  ^eir  combining  proportion.  Thus 
since  hydrogen  and  chlorine  unite  only  in  the  proportion  by  weight  of  1  of  the  fonner 
to  35  of  the  latter,  we  consider  the  relative  weight  of  the  atom  of  hydrogen  to  that  of 
the  atom  of  chlorine  to  be  as  1  to  35.  But  when  one  body  unites,  in  different  pro- 
portions, with  another,  it  is  necessary,  in  order  to  asoertain  the  weight  of  its  atom, 
that  we  should  know  the  smallest  proportion  in  which  the  fJarmer  combines  with  the 
latter.  Thus,  if  we  have  a  body  A,  100  parts  of  which  by  weight  combine  with  not 
lem  than  32  of  oacygen,  the  relative  weight  of  its  atom  w^  be  to  tixat  of  oxygen  as 
1(H)  to  32;  or,  zediiciag  these  numbers  to  thek  lowest  terane,  as  25  to  8 ;  and  thd  ' 
namber  25  will  exptom  the  zelatiye  weight  of  the  atom  at  A*.  But  if,  in  tiie  piogress 
of  ie»e&ce,  it  thould  be  found,  IJiat  100  parts  ef  A  ai«  etsfMs  of  uiutiAg  with  16  pai^s 
of  axygcn,  then  the  relative  wei§^  of  the  atom  of  A  must  be  doubled,  £or  as  100  is  to  16, 
ao  isiiOt  to  8i.  Hub  taumiple  will  serve  to  explain  the  ehanges,  that  have  been  sobu^ 
timeB  made,  in  the  w6%hts  of  the  atoms  of  certain  bodies ;  changes  whichy  it  may  be 
obssrved,  abways  comisl  either  in  a  m«itipliDation»  or  divisnm,  of  the  original  wm§^t, 
by  some  aaapiB  noaibev.  It  is  pcoper,  however,  to  state  that  the  combining  pcoper- 
tMn»m»  aotoCthemsfllvoi  sufficacsat,  for  rsasoma  wiiach  wiUaoenbeasngaed,  to  deoidey 
ia  alleases»  the  tnie  atomic  weigfals  of  bodies^ 
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In  cases  where  we  have  the  apparent  anomaly  of  1  atom  of  one  substance  united 
with  1^  of  another,  it  has  been  proposed  by  Dr»  Thomson  (Ann.  of  Fhil.  r.  187)  to 
remoTe  the  difficulty  by  assuming  that,  in  such  compounds,  we  bare  two  atoms  of  the 
one  combined  with  3  atoms  of  the  other.  This  saves  us  the  necessity  of  speaking  of 
fractions  of  atoms,  which,  from  the  definition  of  the  word  atom,  implying  indivisibiUty, 
is  evidently  a  contradiction  in  terms.  Such  combinations,  it  is  true,  are  exceptions  to 
a  law  deduced  by  Berzelius — thaty  in  aU  inorganie  compounds,  one  of  the  eonstiiuenti  it  in 
the  state  of  a  single  atom.  But  they  are  in  no  respect  inconsistent  with  the  views  of 
Dr.  Dalton ;  and  are,  indeed,  expressly  admitted  by  him  to  be  compatible  with  his 
hypothesis,  as  well  as  confirmed  by  experience.    (Ann.  of  Phil.  iii.  174.) 

The  investigation  of  the  number  of  atoms  in  compounds  is  attended  with  consider- 
able difficulty,  and  cannot  always  be  decided  by  the  combining  proportions  merely, 
without  regard  to  other  considerations.  On  this  subject  Dr.  Dalton,  in  the  second 
part  of  his  New  System,  recently  published,  has  made  the  following  remarks : — 
"  When  two  bodies,  A  and  B,  combine  in  multiple  proportions ;  for  instance,  when 
10  parts  of  A  combine  with  7  of  B  to  form  one  compound,  and  with  14  to  form  another, 
we  are  directed  by  some  authors  to  take  the  smallest  'combining  proportion  of  one 
body,  as  representative  of  the  elementary  particle  or  atom  of  that  body.  Kow  it  must 
be  obvious  to  any  one  of  common  reflection,  that  such  a  rule  will  be  more  frequently 
wrong  than  right.  For,  by  the  above  rule,  we  must  consider  the  first  of  the  combina- 
tions (10  A  +  7  B)  as  containing  1  atom  of  B,  and  the  second  (10  A  4-  14  B)  as 
containing  2  atoms  of  B,  with  1  atom  or  more  of  A ;  whereas  it  is  equally  probable,  by 
the  same  rule,  that  the  compounds  may  be  2  atoms  of  A  to  1  atom  of  B,  and  1  atom 
of  A  to  1  of  B  respectively.  For  the  proponions  being  10  A  to  7  B  (or,  which  is  the 
same  ratio,  20  A  to  14  B),  and  10  A  to  14  B,  it  is  dear  by  the  rule,  that  when  the 
niunbers  are  thus  stated,  we  must  consider  the  former  combination  as  composed  of 
2  atoms  of  A,  and  the  latter  of  1  atom  of  A,  united  to  one  or  more  of  B.  Thus  there 
would  be  an  equal  chance  for  right  or  wrong.  But  it  is  possible  that  10  of  A  and 
7  of  B  may  correspond  to  1  atom  of  A  and  2  atoms  of  B  ;  and  then  10  of  A  and  14  of  B 
must  represent  1  atom  of  A  and  4  atoms  of  B.  Thus,  it  appears,  the  rule  wHl  be  more 
frequently  wrong  than  right." 

A  particular  example  may,  perhaps,  render  the  difficulty  above  stated  more  intel- 
ligible to  the  student.    Two  oxides  of  copper  have  been  ascertained  to  exist : 

Ist.     8  oxygen  +  64  copper  =  the  red  oxide. 
2nd.  16  oxygen  •j-  64  copper  =  the  black  oxide. 

17ow  these  oxides  may  be  variously  contemplated :  for  we  may  either  consider  the 
fijst  as  the  tnie  binary  compound  of  1  atom  of  oxygen  4- 1  atom  of  metal,  and  the 
second  of  2  atoms  of  oxygen  -|-  1  atom  of  metal ;  or  we  may  (with  equal  probability, 
apart  from  other  considerations)  view  the  second  as  the  binary  compound  of  1  atom  of 
oxygen  (8)  -f-  1  atom  of  copper  (32),  which  are  the  same  proportions  as  16  to  64.  The 
first  eompound  wiU,  in  that  case,  come  to  be  regarded  as  1  atom  of  oxygen  -f-  2  atoms 
of  metal,  32  X  2  =  64.  The  latter  view,  in  feust,  is  the  one  actually  taken  of  these 
oxides  by  Dr.  Thomson^  who  regards  the  first  compound  as  a  suboxide,  and  tihe  second 
not,  as  it  is  generally  considered,  as  a  deutoxide,  but  as  a  protoxide.  In  all  oases  of 
this  sort,  it  is  necessary  to  examine,  not  only  the  compound  of  the  two  elementary 
bodies  with  each  other,  but  the  compounds  of  each  with  other  bodies;  and  also  to 
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balance  the  prdbabilitieB  deriyed  from  otiier  oonsidenitLOiiSy  Bach  as  the  com- 
paratiYe  facilities  with  which  the  respectiYe  oompounds  are  formed  or  decomposed  ; 
their  conyertibility  into  ea<^  other ;  and  the  peimanence  or  instability  which  belongs 
to  them. 

When  only  one  compoimd  of  any  two  gaseous  elements,  A  and  B,  exists,  it  is  most 
reasonable  to  suppose  that  it  is  composed  of  1  atom  of  A  -j-  1  atom  of  B,  because  an 
additional  atom  of  either  element  (B  for  example)  would  introduce  a  new  force, 
diminishing  the  attraction  of  the  two  elements  for  each  other,  viz.  the  mutual  repul- 
sion of  the  atoms  of  B ;  and  this  repulsion  will  be  the  greater,  in  proportion  as  we 
increase  the  number  of  the  atoms  of  B.  When  more  than  one  compound  of  two 
elements,  A  and  B,  exists,  that  which  is  with  most  difficulty  decomposed  is  probably 
the  biuary  one  of  atom  to  atom.  For  example,  it  is  much  more  probable  that  water  is 
constituted  of  an  atom  of  oxygen  -f-  an  atom  of  hydrogen,  than  that  the  peroxide  of 
hydrogen  should  be  so  composed ;  for  in  the  latter,  one  proportion  of  oxygen  is  so 
weaUy  combined  as  to  escape  merely  by  virtue  of  its  own  elasticity. 

The  difficulty  of  deciding  upon  the  actual  number  of  atoms,  which,  on  the  assump- 
tton  of  the  atomic  theory,  any  particular  compound  of  a  series  should  possess,  can  be 
still  further  illustrated  by  contemplating  the  law  of  combination  by  volume.  Thus 
water,  as  we  have  seen,  is  a  compound  of  two  volumes  hydrogen  with  one  volume 
oxygen* 

[hT^  =  Water. 
H  [-—-]  =  Peroxide  of  hydrogen* 

And  binoxide,  or  peroxide  of  hydrogen,  is  a  compound  of  equal  volumes.  How  are  we 
to  arrive,  from  the  consideration  of  data  here  given,  at  a  knowledge  of  the  true  atomic 
constitution  of  these  two  substances  ?  Two  suppositions  are  possible.  Either  the 
atomic  volume  of  oxygen  is  half  that  of  -hydrogen,  and  water  is  a  compound  of  an 
equivalent  of  each,  or  it  may  also  be  assumed  that  the  atoms  of  oxygen  and  hydrogen 
fill  equal  spaces ;  in  accordance  with  which  supposition  water  would  be  a  compound  of 
one  of  oxygen  and  two  of  hydrogen,  and  the  peroxide  of  hydrogen  would  be  composed 
of  two  equivalents  of  each  of  its  constituents ;  in  either  case  the  ratio  of  composition 
remaining  the  same.  Accordingly,  many  continental  chemists^  following  the  example 
first  set  by  Berzelins,  believe  in  the  equal  size  of  all  atoms,  when  compared  in  tixo 
same  cohesive  state,  and  thus  regard  water  as  not  a  protoxide  of  hydrogen,  but  a 
suboxide* 

This  theory  has  never  been  much  adopted  by  British  chemists ;  aad^  indeed,  its 
assumption  involves  such  a  complexity  of  relations  with  other  compounds  as  to 
render  its  adoption  most  inconvenient  in  practice,  even  if  the  balance  of  theoretical 
azguments  were  in  its  favour.  The  balance  of  theoretical  arguments  is,  however, 
against  it. 

Hence,  it  cannot  fiedl  to  be  recognised,  that  however  correctly  the  ratio  of  com- 
bination may  have  been  determined  for  a  series  of  bodies,  still  the  numeral  basis  of 
this  ratio,  on  the  determination  of  which  depend  our  ideas  concerning  the  number  of 
atoms,  remains  a  pure  matter  of  speculation.  Thus  we  know  as  a  fact,  that  peroxide 
of  hydrogen  contains  twice  the  quantity,  by  weigjht  and  by  volume,  of  oxygen  that 
water  contains ;  but  whether  the  series  of  two  is  to  be  regarded  in  accordance  with 
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the  firal  or  the  leooiid  of  the  ippcnded  MbemM,  a  xneve  litiowlsdge  of  ffceir  ooittbBiilig 
ratUw  eannot  alone  linther  «d  us  to  dttansiiie. 


TTTEOKT  or  ©iXTON, 
(TJraallj  accepted  in  England). 


THEO&Y  OF  BEBZEUUS. 


By  ireijj^lit.  Atom& 

H.  0.  H.  O. 

Water 18  11 

Peroxide  of  hydrogen  1  16  12 


B J  weight.    Ataii»«. 
H.  O,       H.   0. 

Water 1    8     .  2   .1 

peroxide  of  hydrogen  1  16        2    2. 


It  seems  rational  to  a86uiae»  howerer,  that  the  most  pennaneat  compoand  of  J( 
suries  should  be  that  generated  by  the  combination  of  equal  atoms.  Now  wat^  ia  a 
remarkably  permanent  compound*  It  is  the  only  compound  of  oxygen  and  hydrogen 
found  in  nature.  It  is  the  phase  of  eombination  into  which  oxygen  and  hydrogen  axe 
prone  to  assume.  On  the  other  hand,  peroxide  of  hydrogen  may  be  designated  as  a 
strained  or  forced  compound,  never  occurring  in  nature,  brought  into  operation  by  an 
indirect  chemical  process,  its  partieles  held  together  by  oyerstraioed  forees,  and  half  its 
oxygen  prone  to  be  evolved  by  very  slight  causes,  leaving  water  as  the  fixed  result. 
These  facts  being  considered,  it  seems  most  rational  to  assume  that  water  is  the  real 
protoxide  of  hydrogen— the  real  combination  of  single  atoms.  Another  power  by 
which  it  has  been  proposed  to  determine  the  compound  of  single  atoms  in  a  biaaiy 
series,  is  that  of  voltaic  electricity.  Davy  believed  that  all  compounds  should  be  capable 
of  decomposition  by  electricity,  supposing  that  the  amount  of  electricity  applied  were 
sufficiently  great.  Faraday,  however,  has  demonstrated,  that  out  of  any  series  of  binary 
compounds,  only  one  is  •  capable  of  direct  decomposition  by  electricity.  Collateral 
reasoning  has  led  this  philosopher  to  the  belief  that  the  particular  compound  of  any 
series,  thus  subject  to  dectrioal  decomposition,  is  the  one  which  is  a  direct  combination 
of  atom  to  atom.  The  doctrine  being  accepted,  the  proof  of  monatomism  would  be 
capability  of  electric  decomposition — a  strong  presumptive  argument  in  favour  of  the 
supposition  that  the  compound  so  decomposed  possessed  a  single  atomic  conttitntioB. 

A  third  means  of  arriving  at  the  determination  of  the  number  of  atoms  contained 
by  a  compound  is  suggested  by  a  curious  deduction,  first  made  by  Messrs.  Petit  and 
Dulong  (Ann.  de  Gh.  et  Phys.  voL  x.  403),  and  sinee  followed  out  by  M.  Begnaidt. 

According  to  the  results  of  these  experiments,  it  would  seem  highly  probable  that 
the  atoms  of  aU  simple  substances— that  is,  their  equivalent  weights— have  all  the  same 
capacity  for  heat  Hence,  the  specific  heat  of  any  simple  substance,  multiplied  by  its 
equivalent  number,  should  yield  a  constant  quantity.  Subjecting  to  this  operation  the 
accepted  atomic  weights  of  simple  bodies,  it  is  found  that  most  of  them  really  comply 
with  the  theoretical  conditions ;  the  product  of  their  atomic  weight  and  specific  heat 
is  a  fixed  number.  But  certain  elements  vary  firom  this  rule ;  and  in  such  oases  the 
ratio  of  variation  is  measured  by  some  multiple  or  sub-multiple  of  the  aecepted  atomic 
number.  Thus,  for  instance,  it  has  been  foimd  that  carbon,  when  its  atomic  or  equi- 
valent number  is  multiplied  into  the  number  expressing  its  specific  bent,  does  not  yield 
the  theoretical  product,  but  exactly  half  that  product ;  hence,  supposing  the  theory  of 
M.  M.  Petit  and  Bulong,  and  Chiy  Lusaac,  to  be  accepted,  the  oombinhi^  proportion  of 
carbon  should  be  douUe  that  tre  usually  aooept-'tiiat  is  to  say,  it  should  be  12 
instead  of  6. 

When  discussing  the  subject  of  heat,  the  above  apeeulations  will  be  Anther  treated 
of  in  detail.    They  have  been  merely  adverted  to  in  this  plaoe  for  the  purpose  of  show- 
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iaipimiBflMurpBflgmedfar  detezBdiiing  Urn  amalMr  of  atomi  esttriDg  into  abouiiy 
Miopoinid. 

hi  mnrf  leiaae^ifeMBtmiiary  eleexly  to  dUtmgiiiLih  betwwia  wiMt  ii  eertem  and 
ndtuit  19  namly  paMbl^  Tbe  Uwi  of  eomlniwtlaa,  m  definite  tad  multiple  propor« 
tiom^  appear  to  bcikng  to  the  ftraier  claas ;  but  the  geneitlusation,  which  eoEplaiiu 
thflsetniths  hj  ipaovlationa  mpectiiig  mtom%  nxoat  be  aofaioYledged,  in  its  present 
stated  to  be  entirely  themetioal.  The  |9obab3itieB,  ho^«y«s^  in  &Tour  of  this 
tiieocy  increase  vith  the  ptogresa  of  acieiiee.  That  bodies  consist  of  ultimate  indi- 
Tlsihle  atoms— 4iiat  these  nltimate  ntoms  hare  in  difierent  bodies  different  weights-* 
that  it  is  only  between  these  atoms  i^at  lohemical  oombination  takes  place-*and  then 
Must  betweect  single  atoms,  or  by  simple  mnhiplea  of  atoms-*«re  propositions  which 
may^be  eonsidered  as  safe  ground  for  onr  ^itare  reasonings.  Bat  the  details  of  the 
tiieory,  it  must  bo  acknowledged,  are  still  open  to  tether  inyestigation,  and  no  one  was 
more  aware  thaa  the  iUnstrions  author  of  it  himsfllf,  that  we  still  want  data  sufficiently 
exact  for  determining  the  selatiTe  weights  of  ^the  atoms  of  many  bodies,  especially  of 
those  which  are  known  to  us  only  in  a  gaseous  state.  (See  his  Kew  System,  toI.  ii. 
p.  36h)  No  better  service  eould  be  rendered  to  chemical  sdenoe  tiian  the  accurate 
detesrmidatian  of  these  most  inq»ortant  data,  which  on^t  not  to  rest  on  the  testimony 
of  any  one  indrndnal,  howerer  great  his  reputation,  or  his  skill,  but  to  be  decided  by 
the  concurrent  testimony  of  witnesses  competent  to  the  task,  and  uninfluenced  by 
theoratical  predileetions. 

Ahhongh  hydrogen  be  adopted  as  the  unit  of  proportional  relation,  the  adoption  is 
one  of  mere  oonirenienoe,  and  totally  irrespeetiTe  of  a  theory  first  adranced  by  Ih. 
Front,  and  propounded  on  the  evidence  of  experimental  demonstration  by  Dr.  Thomson. 
By  thie  theory  the  atomic  weights  of  all  bodies  were  assumed  to  bo  multiples  of  the 
atomio  weight  of  hydrogen  by  a  whole  number.  If  this  doctrine  were  established,  then 
a  table  of  equivalrat  weights^hydrogen  being  umty-<-should,  theoretically  speaking, 
ccntsis  no  fractions ;  and,  practically,  any  fractions  tiius  appearing  should  be  refsrable 
to  errors  of  calculation. 

fSuB  doctrine  was  strenuously  opposed  by  Berzelius,  as  being  inconsistent  with  his 
dednotions ;  and  the  late  Dr.  E.  Turner  having  gone  through  the  experiments  neces- 
sary to  detemune  the  matter  at  issue,  gave  his  adhesion  to  the  views  of  the  Swedish 
ebnnist  Accordingly,  in  the  table  of  atomio  or  equivalent  numbers,  which  will  be  found 
nader  the  head  of  Chemistry  of  the  Ponderable  Agents,  fractional  parts  will  be  given. 
On  the  Uw  of  volumes,  as  first  genendized  by  M.  €ray  Lussac,  were  founded  some 
intetwting  speeulatieais,  published  anonymously  in  Dr.  Thomson's  Annals  oi  Philosophy, 
for  Not.  1815, .  but  since  acknowledged  by  Dr.  Prout,  On  tJke  MdaHon  bettoeen  iJU 
Spee^  Qranim  of  Bodie$  m»  their  Qaaeomt  StatCf  and  the  Weight  of  their  Atoms. 
Assuming  atmospheric  air  to  be  constituted  of  fbur  volumes  of  aaote,  and  one  volume 
yd  QExygen,  and  considering  the  weigjht  of  the  atom  of  oxygen  as  10,  and  timt  of  the 
atom  of  azote  as  17*5,  he  finds  the  specifio  gravities  to  be 


Of  oxygen  gas 
Of  azote     . . 


Mill 

•972 


From  the  specific  gravity  and  composition  of  ammonia  he  deduces  the  specific 
gravity  of  hydrogen  gas  to  be  0*0694.  The  specific  gravity  of  oxygen  thus  obtained  is, 
therefore,  exactly  16  times  that  gf  hydrogen,  and  the  specific  gravity  of  azote  just  14 
times.    By  a  similar  method  he  inferred  the  specific  gravity  of  other  gases,  and  also 
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of  Bome  elementazy  sabBtenoes  in  m  gsieoiii  state,  that  do  not  at  otdinajy  tdnrpentims 
exist  in  that  state ;  and  he  embodied  the  xesults  in  the  form  of  tables,  from  which  he 
drew  the  then  xemaikable  coneliiaion,  that  00  the  OunmUtry  nmA$9%  hyiroffm  htmg 
comidertdM  1,  are  mtiUiplee  of  the  aiemie  weifhi  of  hydrogen  iff  m  whole  number,  Dr« 
Fhmt  also  first  pointed  out  that  to  find  the  specific  gravity  of  anj  substance  in  the  state 
of  gas,  we  have  only  to  multiply  half  the  specific  gravity  of  oxygen  gas  by  the  atomic 
weight  of  the  substance,  with  respect  to  oxygen.  For  instance,  the  combining  ratio  in 
volume  between  oxygen  and  iodine  is  as  ^  to  1,  and  the  combining  ratio  in  weight  as 
1  to  15-5.  Now  '5555,  the  density  of  half  a  volume  of  oxygen,  multiplied  by  15*5, 
gives  8*61111  for  the  specific  gravity  of  vaporous  iodine.  In  several  instances,  the 
numbers  thus  deduced  have  been  confirmed  by  a  valuable  series  of  expmments,  under* 
taken  by  Dumas;  with  the  view  of  determining  the  atomic  weights  of  bodies  by  the 
density  of  their  vapours.  (Ann.  de  Chim.  et  de  Fhys.,  Dec  1826.)  The  spedfio 
gravity  of  gaseous  iodine,  fi>r  example,  Dumas  finds  by  experiment  to  be  8*716,  a 
deviation  from  the  theoretical  number  (8*6111)  of  too  small  amomit  to  impeach  the 
accuracy  of  the  method  of  reasoning,  from  which  the  latter  number  had  been  derived. 

The  definite  proportionality  of  chemical  compounds,  which  imparts  such  weight  to 
the  aiguments  in  favour  of  the  atomic  constittttion  of  bodies,  admits,  however,  of  another 
explanation.  Instead  of  being  due  to  the  Hmitatian  of  size  and  weight  of  combining 
atoms,  it  may  be  due  to  mere  limitations  of  combining  force. 

With  respect  to  this  matter,  a  train  of  very  beautiful  speculations  has  been  entered 
upon  by  M.  Dumas,  who  has  drawn  the  attention  of  chemists  to  some  relations  sub- 
slating  between  certain  triads-^relations,  in  which  the  numbers  indicative  of  combining 
quantities  seem  to  bear  a  strict  proportionality  to  certain  qualities  of  ^aoh  member  of 
the  triad.  The  three  simple  bodies — chlorine,  iodine,  and  bromine— well  illustrate  the 
ideas  of  the  celebrated  French  philosopher.  Every  chemist  is  aware  of  the  &ct  that 
the  three  elements  above  mentioned  manifest  a  certain  similarity  to  each  other  in  many 
respects,  so  that  in  all  chemical  systems  they  are  described  as  belonging  to  one  and  the^ 
same  group.  Thus,  for  example,  aU  three  are  endowed  with  a  pungent  odour  of  the 
same  quality ;  all  three  give  rise,  by  combination,  to  analogous  compounds ;  all  three 
are  volatile.  Looking  at  the  respective  degrees  of  their  cohesive  state,  we  find  iodine 
(a  solid)  at  one  end  of  the  series,  bromine  (a  liquid)  in  the  middle,  and  chlorine  (a  gas) 
at  the  other  end ;  thus  presenting  a  well  marked  gradation.  The  same  remark  holds 
good,  in  general,  for  the  degree  of  energy  with  which  each  member  of  the  triad  enters 
into  chemical  combinations.  Several  other  aspects  of  viewing  the  three  will  occur  to 
chemists ;  all  suggestive  of  the  general  idea  that  chlorine  and  iodine  are  respectively 
the  extremes  of  a  triple  arrangement,  of  which  bromine  is  the  mean.  But  the  most 
remarkable  coincidence  in  reference  to  this  subject  has  been  pointed  out  by  M.  Dumas, 
and  it  is  this  :-->If  the  equivalent  numbers  of  chlorine  and  iodine  (the  extremes)  be 
added  together,  and  their  mean  proportional  obtained  by  division  by  2,  the  result  of 
this  operation  is  the  equivalent  number  of  bromine*    Thus, 

Atomic,  or  equivalent  weigjht  of.chlorine  ...      35 
fs  of  iodine  .        .        ,    125 


160 


Half  that'sum   '-^  is  the  atomic  weight  of  bromine. 
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"  Tiius  it  follows,"  to  use  the  iiguiaiiTe  language  of  M.  Dmnas,  "  if  we  could  by 
any  means  cause  the  union  of  half  an  atom  of  chlorine  with  half  an  atom  of  iodine,  we 
might  hope  to  create  an  atom  of  bromine."  The  language  is  so  far  figurative,  that  to 
effect  the  division  of  an  atom,  that  is  to  t9.y  cm  mdiviaihle  thingy  Is  obviously  impossible ; 
but  it  is  not  irrational  to  speculate  on  the  divisibility  of  a  force. 

Leaving  the  triad,  chlorine,  bromine,  and  iodine,  that  of  sulphur,  selenium,  and 
telluilum,  may  be  selected  as  demonstrative  of  similarly  existing  relations.  These  three 
bodies  are  well  known  by  chemists  to  be  isomeric,  that  is  to  say,  capable  of  mutually 
replacing  each  other  in  chemical  combinations.  Of  the  three,  sulphur  is  the.most  volatile,  • 
selenium  the  next,  tellurium  least  of  all.  As  to  their  decomposing  power,  sulphur  replaces 
selenium,  selenium  tellurium ;  in  short,  the  remarks  applied  to  the  triad  of  chlorine, 
bromine,  and  iodine,  will  also  apply  here.  Now  the  equivalent  or  combining  weight  of. 
sulphur  is  16,  of  tellurium  64,  and  half  the  sum  of  these  extremes  is  the  number  40 — 
the  exact  atomic  weight  of  the  middle  term  of  the  triad — ^tho  atomic  weight  of 
selenium. 

Take  again  the  triad  calcium,  strontium,  and  barium.  Without  stopping  to  indi- 
cate the  various  analogies  of  these  bodies,  it  wiU  be  sufficient  to  remark  that  chemists 
universally  recognise  their  similarity.  In  this  scale  of  analogous  qualities,  calcium 
and  barium  are  the  extremes,  strontium  is  the  mean.  The  atomic  or  equivalent  weights 
of  the  three  are  as  follow : — 


Calcium  . 

.    20 

Strontium 

.    44 

Barium    . 

.    68* 

And  it  will  be  evident  at  a  glance  that  there  exists  here  a  harmony  between  the 
chemical  qualities  and  the  numeral  exponent  of  their  combining  proportion  as  before ; 
for  68  plus  20  divided  by  2  is  equal  to  44,  the  atomic  number  of  strontium.  Then, 
again,  to  employ  the  language  of  M.  Dumas,  if  we  could  <*  by  any  means  effect  the 
union  of  half  an  atom  of  barium  with  half  an  atom  of  calcium,  we  should  have  one  atom 
of  strontium  as  the  result." 

Lithium,  sodium,  and  potassium,  constitute  another  well  marked  and  universally 
recognised  chemical  triad.  The  similarity  between  these  bodies  is  too  evident  to  need 
being  pointed  out.  Of  the  three,  lithium  is  the  least  individualised  alkaline 
metal ;  potassium  the  most  individualised ;  sodium,  as  every  chemist  knows,  stands 
intermediately;  and  here  again,  referring  to  the  respective  equivalent  numbers, 
there  is  a  numeral  accordance  similar  to  the  one  pointed  out  in  the  preceding 
examples. 

Such  an  extraordinary  symmetry  of  chemical  qualities  with  numeral  exponents  can 
scarcely  be  assumed  to  be  a  matter  of  chance ;  still  less  can  it  be  averred  that  the 
figures  on  which  these  deductions  are  based  have  been,  in  any  case,  much  strained  to 
accord  with  the  opinions  of  M.  Dumas,  although  inorganic  chemistry  affords  the  most 
palpable  examples  of  the  correlation  between  material  qualities  and  numeral  exponents ; 
nevertheless,  the  French  philosopher  believes  this  correlation  to  be  fltr  more  widely 
recognisable.    Thus  many  chemists,  and  M.  Dumas  amongst  the  number,  have  regarded 

*  It  should  be  remarked  that  some  of  the  atomic  numbers  assumed  by  M.  Dwnas,  and  here 
employed,  vary  toa  sllght«ztent  from  those  generally  accepted— net  enough,  however,  to  invjUidato 
his  doctrine. 


CHEMI8TRY.—NO.  li. 
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Ce  Hr  0 
n^haoh  VMP^1»  x9fguMi  as  teee  s«¥«rdL  osidet  of  «t  liBQBied^Mi^  •naitgQB»  t^l&ose 
akwady  adhreiM  to  ia  1^  iBorgaaae-  lxa]|?d«aiv  SM^  exfRniBi^«i>  wiU  prdYe-  tik»  leiw 
qibeikoldis  ($oofl  ia  liie  loittev  cMOk  OmHtmg  the  exj'geB  ki  Hie  tiuree  ^racedlR^  soib- 
stonees,  luitf  l^auBWof  tW «iteemest will  be  «<|iuil  ta  1jk»  awaa.  ladea^  M.  Bmasa 
8008  i»  ilM80'  ]qa3ii&8t«fci(nu;  a  ge&eval  Ivfr,  wikich  nuiy  be  tiiuft  ezpirasaed  >-3l^0n 
Ifaee/bodies  liaTing  qveliJbies  j^ee^aoly  Bimilar,  thoogh  met-  idtt&tieaJ,  flora  mi>aagod 
.in  te)  6i«00e88ioa  ol  tb««F  oheraleal  powein^  tii«r»  will  Ihe  also  a  soaceBMre 
asiMuagemaiEt  of  tiiair  numeral  poweis^  IsiiiGated  by  ^  veepeetiTa  equftralaat  onaibem 
of  tha  sabstaiieaA. 

TMs  symmetry  between  chemical  and  numeral  function  suggests,  as  M.  Dtaxiaa 
3>anaiicB,  tiiQ  pssBibaiiifay  of  traMmiukfttioib-^yat  mst  traMumstation  in.thoioldiaLeiiandcal 
aaose.  Ckandsis  see  no  maniiitetations  oH  a  tendbntty  e£  being  able  to  ceBTest  laaii  inlo 
aSires  or  g<9^.  Theao  motals  are  iLot  aheanloally  oonibnuibSai.  One  eaaraol  tafca*  febe 
etitofs  pfaiee  h^  subatitution.  They  are  not  iaomaaicv  Tiio  probabilifcy,  M.  Dnaua 
imagines,  is  that  our  first  instances  of  metallic  transmutatiea  wiiH  efleet  the  ph3r6ical 
state  merely  without  affecting  chemical  colnposition,  analogous  to  many  known  cases 
amongst  non-metallic  elements.^  Thus,  carbon  as  charcoal  is  widely  different  in 
its  physical  relations  from  carbon  as  the  diamond.  Sulphur  and  phosphorus 
respectively  assume  two  forms,  as  is  well  known.  Why  may  not  a  metal  be  similarly 
endowed? 

Qf  Elective  Affinity.— An  important  law  of  aflSnity,  deduced  chiefly  from 
the  phenomena  of  chemical  decomposition,  i6,  that  one  boxLy  Ixas  not  the  same 
force  of  affinity  towards  a  number  of  othew,  but  attracts  them  uneqnally.  Thus 
A  win  combine  with  B  in  preference  to  C,  oven  when  tiiose  two  bodies  are  pre- 
sented to  it  under  equally  favourable  circumstances.  Or  when  A  is  united  with  C, 
the  application  of  B  will  detach  A  firom  C,  and  we  shall  have  a  new  compound, 
consisting  of  A  and  B,  C  being  set  at  liberty.  Such  cases  axe  examples  of  what 
is  termed  in  chemistry  simple  decowposiiion,  by  which  ijt  is  to  be  understood  that 
a  body  acts  upon  a  compound  of  two  ingredients,  and  unites  with  one  of  its  con- 
stituents,, leaving  the  other  at  liberty.  And  as  the  forces  o£  affinity  of  one  body 
to  a  number  of  others  vary,  this  body  has  been  metaphorically  represented  as  making 
I  an  election ;  and  the  aflSnity  has  been  called  single  elective  affinity.  Thus,  if  to  liquid 
hydrochlorate*  t)f  lime,  consisting  of  lime  and  hydrochloric  acid>  we  add  potassa,  the 
lime  falls  down  in  the  state  of  a  powder,  or  is  precipitated.  01  faets  of  this  kind  a  great 
variety  has  been  comprehended  in  the  form  of  tables,  the  &»t  idea  of  which  occurred 
nearly  a  century  ago  to,Geofl&roy,  a  French  chemist.  Tka  substance,  whose  affinities 
are  to  be  expressed,  is  placed  at  the  head  of  a  column^  and  is  separated  from  the  rest 
by  a  horizontal  line.  Benaath  this  lino  axe  arranged,  the  bodies  with  which,  it  is 
oa^le  of  combining,  in  the  order  of  their  respective  forces  of  affini^ ;  the  substance 
which  it  attracts  most  strongly  being  placed  nearest  to  it,  and  that  for  which  it  has 

♦  "WlMit  i»  Btere  oalled  Ikydtochlorate  of  lime  may  really  be  chloride  of  eaiisllim*,  bat  tke  latter 
1«rm  wmtld  not  be  expressiTe  in  the  case  uiuier  eonsideratloii.  Under  the  Jiead  of  Chlovia»  andr 
Hydrochloric  Acid,  the  condition  of  chlorine  in  aqueous  solution  will  be  fully  explained. 
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Afl^  tie oiyJMtod  bj'Ae  fc^whlg  seiieff: — 

KTDBOCHLORIC  ACID. 


Soda, 

:      BMfytft, 

Anunonn^  £&.,  fte. 

Glieinistrj,  mdeed,  presents  innumerftble  examples  in  wMch  thia  apparent  electioa 
taikes  place.  A  few  mora  leading  examples  may  be  noticed.  If.  bydrochloric  acid  be 
cautiously  added  to  a  mixture  of  lime  and  alumina,  not  a  particle  of  tbe  latter  will  be 
attacked  until  the  lime  has  been  quite  dissolyed  \  thus  creating  the  impression  that 
ihe  acid  and  lime  were  endowed  with  a  sort  of  reciprocal  preference  for  each  other, 
citric  acid  is  capable  of  acting  both  upon  iron  and  upon  copper,  red  nitrous  acid  fames 
being  in  either  case  evolved ;  yet  if  nitri©  acid  be  poured  upon  iron  and  copper,  both 
in  contact,  not  a  particle  of  copper  will  be  attacked  until  the  iron  has  been,  all  dio* 
solved.  If  iodine  be  brought  into  contact  with  hydrosulphuric  acid  gas,  sulphur  is 
expelled,  and  the  iodine  and  hydrogen  unite,  forming  hydriodic  acid  gas.  If  chlorine 
be  mixed  with  the  hydriodic  acid  gas  thus  formed,  decomposition  will  again  ensue; 
hydrochloric  acid  will  be  formed,  and  iodine  liberated.  Nitrate  of  silver  congtitutei 
the  starting  point  of  a  very  interesting  seiiea  of  simple  decompositions.  If  a  globuld 
of  mercury  be  thrown  into  a  solution  of  this  salt,  the  mercury  is  dissolved,  forming 
nitrate  of  mercury,  and  a  proportionate  amount  of  silver  thrown  down.  If  copper  be 
immersed  in  nitrate  of  mercury,  mercury  is  thrawn  down  and  copper  dissolved, 
forming  nitrate  of  cppper.  In.  like  manner,  cfflitinuing  the  series,  metallic  lead  will 
separate  copper  from  nitrate  of  coppev,  and  metallic  zinc  wiH  separate  lead  from  nitrate 
of  lead. 

It  must  be  here  stated,  in  anticipation  of  another  part  of  our  subject  not  yet  dis- 
cussed, that  the  compounds  termed  in  the  preceding  statement  nitrate  of  copper,  of  silyer, 
of  mercury,  &g.,  are,  respectively,  nitrates  of  the  oxides  of  these  metals  j  hencQ  the 
appellations,  nitrate  of  the  oxide  of  silvery  &c.,  would  have  been  more  eorrect :  although 
th&  expression  is.uaually  abbreviated.  From  this  explanation  it  will  appear  that  the 
order  of  separation  of  the  metals,  silver,  mercury,  copper,  and  lead,  is  really  ihj^ 
order  of  their  separation  from  oxygen..  OonsequentJy,  we  may  now  arrange. Ihe 
Older  of  decomposition  for  the  specified  substances,,  as  regards  oxygen  and  hydrogen 
respectively,,  as  foUowa : — 


ChLorinA 

Iodine 

Sulphur 


Zinc 

Gq^per 

Heccury 

Silver 


If  tke'ovte  of  dJBcomposikion  toot  §uji  giffen  sesKS  wve  iammM»,  ^haa  id  would  b6 
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easy  by  means  of  tables,  such  as  those  drawn  up  by  Geoffroy,  to  specify  the  relative 
strength  of  affinity  subsisting  between  any  number  of  bodies  which  might  have  onqe 
been  submitted  to  inyestigation.  But  yarious  circumstances  demonstrate  that  such 
tables  merely  indicate  the  order  of  decomposition  under  one  particular  set  of  con- 
ditions, and  are  by  no  means  to  be  accepted  as  a  true  measure  of  affinity.  ThQ  force 
of  the  objection  just  offered  will  be  rendered  apparent  by  reflecting  on  the  fol- 
lowing circumstances. 

If  aqueous  vapour  be  passed  over  red-hot  iron,  oxide  of  iron  is  formed  and  hydrogen 
liberated,  thus  giving  rise  to  an  impression,  if  the  theory  of  Geoffrey  be  adopted,  that 
oxygon  possesses  a  greater  affinity  for  iron  than  it  has  for  hydrogen  ;  yet,  by  varying 
the  conditions,  it  is  possible  to  obtain  a  testimony  directly  opposed  to  the  former.  If 
oxide  of  iron  be  submitted  to  the  action  of  hydrogen  gas,  at  an  elevated  temperature, 
the  oxide  is  decomposed,  and  water  and  metallic  iron  result.  Judging  from  the  testi- 
mony of  this  experiment,  it  would  appear  that  oxygen  has  a  greater  affinity  for 
hydrogen  than  for  iron. 

If  potassium  be  thrown  into  water,  so  violent  is  the  tendency  which  the  alkaline 
metal  manifests  for  oxygen  that  water  is  decomposed,  and  combustion  ensues.  If 
metallic  iron  be  thrown  into  water,  only  a  very  slow  oxidation  of  the  iron,  after  the 
lapse  of  a  considerable  time,  takes  place.  Hence,  were  there  no  opposing  testimony, 
it  would  seem  clearly  deducible  from  the  result  of  these  experiments  that  potassium 
has  greater  affinity  than  iron  for  oxygen.  Yet  the  actual  method  of  obtaining  the 
metal  potassixmi  consists  in  exposing  its  oxide  (potash),  at  a  white  heat,  to  the  decom- 
posing agency  of  metallic  iron.  If  sulphuric  acid  be  poured  into  a  solution  of  borax 
(borate  of  soda],  decomposition  ensues,  sulphate  of  soda  being  formed,  and  boracic  acid 
deposited.  Tet,  if  boracic  acid  be  heated  with  sulphate  of  soda,  both  dry ;  then  borax 
results,  and  sulphuric  acid  is  expelled. 

By  thus  varying  the  treatment,  results  the  most  opposite  to  those  which  might  have 
been  anticipated  are  obtained.  A  very  remarkable  example  is  furnished  by  the  action 
of  silicic  acid  on  common  salt,  at  a  high  temperature.  In  all  ordinary  moist  operations 
silicic  acid,  or  silica,  is  endowed  with  such  weak  acid  powers  that  they  can  scarcely 
be  recognised ;  yet,  under  conditions  of  high  temperature,  these  powers  are  greatly 
elevated.  The  most  common  plan  of  glazing  porcelain  depends  upon  this  fact :  whilst 
the  unglazed,  or  biscuit  ware,  is  still  glowing,  a  handful  of  common  salt  being  thrown 
upon  it,  decomposition  ensues — silicate  of  soda  is  formed,  and  chlorine  is  expelled. 

Again,  if  hydrochlorate  of  lime  be  mixed  with  an  aqueous  solution  of  carbonate  of 
ammonia,  carbonate  of  lime  is  thrown  down  and  hydrochlorate  of  ammonia  results ; 
yet,  if  the  two  be  heated  together,  without  water,  no  decomposition  ensues — carbonate 
of  ammonia  is  evolved  and  hydrochlorate  of  lime  remains. 

All  these  instances — and  many  others  might  be  cited— prove  indubitably  that  the 
force  of  affinity  is  subjected  to  modifications  by  so  great  a  number  of  causes,  that  the 
tflldes  of  decomposition  drawn  up  by  Geoffrey  can  by  no  means  be  considered  indicative 
of  the  relative  forces  of  affinity  between  the  different  substances  specified  in  the  table. 

The  incondusiveness  of  the  so-called  tables  of  affinity  of  Geoffix>y  was  first  pointed 
out  by  the  cdebrated  BerthoUet.  When  he  propounded  his  objeotions,  the  laws  of 
definite  proportionalism  were  not  established;  and,  pushing  his  objeotions  to  an 
extreme,  he  denied  the  existence  of  attraction  as  a  separate  force.  He  maintained  that 
the  formation  of  any  binary  compound— and  none  other  than  binary  compounds  were 
known  in  his   time— was  not  due  to  the  operation  of  any  distinctive  force,  but 
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to  the  fact  that  the  elements  forming  such  a  body  happened  to  generate  in  certain 
proportions,  a  result  of  maximum  cohesion.  Thus,  we  know  that  40  parts  of 
sulphuric  acid  and  76  parts  of  haryta  constitute  the  insoluhle  sulphate  of  baryta;  and 
we  believe  the  determinate  ratio  of  this  combination  to  be  explicable  on  the  assumption 
of  the  definite  proportionalism  of  chemical  compounds.  Berthollet,  howcyer,  assumed 
that  the  combination  of  sulphuric,  acid  with  baryta,  in  these  proportions,  depended 
on  the  fact  that  no  other  combination  of  the  two  yielded  a  result  of  equal 
insolubility. 

The  deposition  of  sulphate  of  baryta,  when  sulphuric  acid  is  mixed  with  a  barytic 
salt,  famished  one  of  the  instances  cited  by  Berthollet  of  the  modification  of  affinity 
by  cohetion  of  the  resultant.  In  cases  where  the  result  of  combination  does  not  form 
any  compound  of  great  cohesion — or,  in  other  words,  of  great  insolubility — ^then, 
according  to  Berthollet,  the  ingredients  might  combine  together  in  all  possible  pro- 
portions ;  and  the  final  result,  obtained  by  evaporation,  or  otherwise,  would  be  deter- 
mined by  the  cohesiye  force  then  brought  into  play. 

If  we  discard  the  fundamental  error  of  ignoring  such  a  force  as  chemical  attraction ; 
if  we  admit  it  to  exist,  but  assume  that  its  normal  action  is  modified  by  collateral  circum- 
stances—then the  remarks  of  Berthollet  wiU  generally  hold  good.  This  philosopher 
has  the  merit  of  awakening  attention  to  a  very  large  series  of  facts,  and  has  corrected 
a  dogma  altogether  incompatible  with  the  testimony  of  experiment.  There  can  be  no 
doubt  that,  in  many  cases  of  solution,  the  distribution  of  two  acids  between  one  base 
does  actually  occur,  as  indicated  by  Berthollet.  Thus,  siilphate  of  copper  is  blue,  hydro- 
chlorate  of  copper  green ;  and  if  hydrochloric  acid  be  added  to  a  solution  of  sulphate  of 
copper,  a  green  colour  results ;  yet,  on  evaporation,  hydrochloric  acid  passes  away,  and 
sulphate  of  copper  reappears.  In  this  instance  it  is  scarcely  possible  to  resist  the 
testimony  that  in  the  solution  chloride  of  copper  existed.  This  result,  however,  is  by 
no  means  invariable,  as  will  appear  from  a  consideration  of  the  following  experiment. 
Sulphuric  acid,  and  boracic  acid,  both  redden  litmus  paper ;  but  the  tint  of  redness 
is  so  different  that  it  may  easily  be  recognized.  Now,  if  a  solution  of  borax  bo 
decomposed  by  the  addition  of  sulphuric  acid,  and  the  solution  frequently  tested 
during  the  operation,  by  means  of  litmus  paper,  it  will  be  found  that  not  the  slightest 
indication  of  sulphuric  acid  is  recognizable  until  every  particle. of  the  borax. has. been 
decomposed.  This  evidence  seems  to  demonstrate  the  existence  of  chemical  attraction 
or  affinity  as  a  self-existing  specific  force ;  otherwise,  there,  appears  no  reason  where- 
fore the  soda  of  the  borax  should  not  be  divided  between  the  two  acids.  That  a  base  is 
thus  divided  in  some  cases— in  the  instance,  for  example,  just  cited— where  hydrochloric 
acid  was  supposed  to  be  added  to  a  solution  of  sulphate  of  copper,  is  easily  explicable 
on  the  supposition  that  the  affinities  of  the  two  acids,  under  the  conditions  of  the 
experiment,  were  equally  balanced. 

The  doctrine  of  Berthollet,  maintained  with  all  the  powerfiil  argumentation  of  that 
highly-gifted  philosopher,  would,  if  established,  have  shattered  the  structure  of  Che- 
mistry to  its  base.  The  progress  of  investigation  has  satisfied  chemists  that  a  specific 
force  of  attraction  of  affinity  does  exist;  and  to  this  extent  the  theory  of  Berthollet  iA 
incorrect.  It  has  also  satisfied  them  that  so  many  extraneous  causes  are  in  operation 
to  modify  the  order  of  decomposition,  that  no  certain  knowledge  of  the  power  of 
affinity  existing  between  bodies  can  be  deduced  from  any  one  ord^r  of  decomposition. 
The  causes  which  modify  the  action  of  affinity  will  be  discussed  in  the  following  section'. 

Simple  decompositions  may  bo  expressed  also  by  another  form,   contrived  by 
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CAUSES  momrtiVQ  tub  Atraom  or  chexigaXi  jutfikity. 


<«f  JttiqgfteiBalrjr^^otaBBa'! —  ^ 


Hjdrocbloxate  of  Ma|j;&eauL  - 


Wider  St  SO''. 
liagiieeuL. 


Magnesia. 


T!i6  odgiixalcoiDpatmi!  (Kydrocbiorateof  magiie8ia)is  pkced  onth^  oateaAe  toiA  to  tht 
left  of  tbe  vertical  toickeft.  The  included  Bpace  contakis  the  original  piinciples  of  the 
tTompblMd,  and  also  l3ie  body  which  is  added  to  prodnce  decompotation.  Above  fuid 
lyelow  the  horizontal  lines  are  placed  the  m&w  results  of  their  adioii.  ^e  poittt  of  tiie 
loVer  horizontal  line  being  ttcmed  down-wards,  denotes  HJiat  the  magnesSa  falls  down,  or  & 
precipitated ;  and  the  upper  line,  being  perfectly  rtraight,  Aows  that  the  IrydrocMorate 
xii  potaaea  remains  in  solution.  If  both  the  bodies  had  remained  in  solution,  they 
Wtmia  boJii  have  been  placed  above  the  tipper  line ;  or,  if  "both  had  been  precijntated, 
bbneaQi  1h©  lower  one.  If  eitiker  one  or  both  liad  escaped  in  a  volatile  form,  this 
would  have  been  expressed  by  placing  flie  volatilized  substance  above  flie  ^gram,  and 
tttrrdng  upwards  the  middle  of  the  upper  horizontal  line.  And  Bince  decompositions 
vary  under  different  circumstances,  it  is  necessary  to  denote,  by  the  proper  addition  to 
the  scheme,  that  the  bo<Kes  are  dissolved  in  water  of  the  temperature  of  •6^'". 

'The  deoompofflKon  may  "be  still  more  effectuafly  i^presented  by  €he  foflowifig 
arhmgement  of  diagram,  which  is  that  now  most  usually  adopted :— * 


IPotaJssa- 


%drechlwa*e  of  ^Mi«*es«i|3^^^p^^  ^ 


;  Hydf<ochlortilt0«^p6l»S8a. 


iNo  eheMlMl  tatitA  om.  a|i>^ar,  on^mt  view,  SMore  cimple  «r  intelligible  <JMa  those 
kirlddh>«re  >explaiaed  hf^e  <^itit&on  of  tsitt^  electiv<e  cffiflHty,  ItmSl  he  feuAid, 
hip^eimt,  ^Kk  a  m»e  maiuto  ^s^ttinalt^  lluft  this  fbroe,  abatoMitodly  cMi^dered,  U 
«fily  ttte  of  mfv&[$l  eamses  wfikli  we  oonoemed  ia  chemical  ifoeoapofiitioiid,  «bd  that 
its  Mtion  is  ^o^Bfied,  «ad  S0tti6tiaw6  ««e^  fiiib^^erfeed,  hf  leottxEteittotifig  faroes. 


OF  THE  CATTSEI^  l/fHICH  MODtPY  THE  ACTIOK  OF  CHIMICAi 
AFFINITY. 

THb  order  of  deoompoflitioa  is  not,  as  laigbt  be  iaierred  &«m  tSue  lffw«f  elootive 
^tffiilj,  iavaariflide ;  Iw.^  isa  oextaia  cases,  xoaj  even  be  inverted*  Tho^  though  A  nay 
iKtteaoit  B  aaoBd  sti?imgiy  Aaa.  either  A  or  B  is  attracted  by  C,  yet,  worder  «one  <arcum«- 
Jilaaoes,  G  may  be  ^m^lojed  to  decompose  paxtiaUy  the  x^ompiMmd  A  B.  Again,  if  we 
nix  toother  A^  B,  aad  0,  usiag  the  two  first  in  the  proportioiis  required  to  jieutralize 
6»ch  other,  it  will  he  found  ia  fiozae  cases  that  A  and  B  have  not  combined  to  tbe 
era^naioa  «f  0,  hut  that  weha^e  a  oom^uad  of  B  with  A,  and  analher  of  £  with  C|p  ia 
yvopoiiiosfl  isegukted  by  the  quantities  of  A  and  0  which  have  i»een  employed.    Facts 
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iii  IJkSft  Idfid  liAVO  v06n  MAif  xMWM  te  ^sImmuIMi.    ClilliA'MOn, ; 
before  the  time  of  Bergman,  that  sulphate  of  potaasa,  a  salt  compoaed  of  sulfltiitio  i 
mkffltmtky  to  pKtAf  <toPdmyiiet  %y  «ii«te  ^at^ ^tUSbM^jk  iSI»  toiti<c4i»  »^tifcker 
«flB»7fiMMiifre«id|ifeRifl6«d^te^  lhEliiitol#ftb««MMkfciAlttit«ililM 

%e«»«iaii{iM1^Bei>0RffiiBt,  *«lM«iiiei^^  <htftM»Wiiig,tMI  wail  mute  O^iMr 

clMfi^1lLe%P«^tf8t2Miit^iti6djim4i^  Iteey  tiflOOoiimM  «  <niin>uua>  ^if  dte  <»tond 

second. 

1*  ^iMmittepnitM  ralpfatoie  MidteiA tarirli.  > 

t.  IAtte'4e]^«MM  «dl]»hiH&  aiiftd  iNU  po^^ 

^.  BoCiMliit  MplMitti'exidto'Mliitom  time, ' 

4/ K^bio  <old  cie|»la«lM  l^e  l^c^ 

1^  IMMMi«epsiratea^oip^ri0'MftdiRiiit1iMfiL 

6.  PbtMia  aepM>i»Biflitrib<lliie  acid  ftctt  liMia. 

7.  SodaiMipttwteg  mlj^«ii#  aiBtd  iimn  poCaaHu 

These  instances  of  reciprocal  deeompositiorif  and  a  yaiiety  of  ainuUr  wqm^  4h» 
e^lauied,  jtcooidjag  to  the  views  oC  BerthoIUt,  on  tha  foUowifiig  pxuLci|4ai|  j-** 

AaimgOBistic  Foieas.— When,  two  Mihstancea  are  apposed  to  each  o&ar  vUh 
iMfect  to  a  ibiid,  aa  in  the  ioregoin^.  example^  thay  maj  be  ^oiindered  as  jatajgniMt 
lecttSB  i  and  they  share  the  third  body  betweeiL  them  in  pinportiou  to  the  inteoaiiy  'Of 
their  aotioa.  But  this  iatenaily,  AocordiQg  to  fiexthoiUeti  dflpqada  not  <ady  tm.  the 
mmffjf  ^  the  ^bdtietn  but  on  the  qttmiitiH  of  the  two  bodaas  «FKposed  to  eaeh  otiwr. 
HeBoa  «  Ux^x  quantity  of  osie  of  the  sabsta^oas  nuy  compeaaate  a  weakor  affitui^t 
«Ml  th»  jcfveHte*  To  the  absohite  w<eight  of  4k  body,  nxUtipUed  1^  the  de§^»e  «f  its 
t<hi%»  he  has  giyen  the  name  of  aa«f^  a  term  ia  some  dqpee  objeetiooAble  finwi  the 
differattt  meaniiig  whioh  isaffixedto  it  iftveeWkal  phjioi^hy.  Aaaa  flluatotua^ 
ktSM  «Kiii^oae  (wh»t  i«  n^t /aeea»at«  ia  poiat  ef.  U^  that  tho  afini^  oC  baiyta  iior 
hj^wchloric  add  .ia  twice  as  «£tfm^  as  that  of  potassa^*  or  that  tbsse  nfeitiaa  aue 
respectiTely  denoted  by  the  numbers  4  and  2.  In  this  case  the  san^  wm9$  will  i»milt 
^omipavUaf  bazyt»as£:om8ofpotm3a:  beeaaae  Ae  fpp»e> jyojhwt  ^Mj)  4»  ieM»iTied 
ia  Mch  instaaoe,  by  malticplyiiig  the  aumber  i^dieatang  thaa^bafT'  isto  UiMi  ^'^r^if£ 
the  ^Hsati;^;  lur  4  (the  a£8aity  of  baryta)  waltqyiied  by  4  (the  ^oaatMy  assaned  m 
this  asaisple)  is  e^nal  to  1$ ;  and  2,  (the  affinii^of  potaaaa)  aaltiflied  by  8  ^its  faaiir 
tity)  is  also  equal  to  16.  In  this  case,  therefore,  to  divide  «qiiidly  a  portiea  oC  ^b&da>- 
«hlorao  acid  betweea  baryta  and  potassa,  these  bo^ea  ahoald  bo  e«^y«4  Hi  the 
propodaoQ  of  2af  the fonaer  to  4  o£  the  httter.  . 

The  iadii^atfeof^iiaifltityeiEplainfi  also  the  diffioidty  which^  ia  mi^  iaftanees,  as 
idbaervedia  ^^Eectaog  the  total  deoompoaitioiL  af  a  ooappttad  o^  tw^pgrfaoiplea  igr  neaMB 
ofathiid,  ThaiBBnediat&e£bctof  a  thapd  bodyC)  w^etiaddedto  a«ampoaad  AB, 
iatoabatoust^mBapaitiQaoftheBuhstaaoeA;  aad^aoaaeqaeatiytafartianef file 
aat  atliberfy,  tihe  attraatioa^^f  «lu^  for  Ais  epipaaad  to  that  of  Ike  a]iiX)mhiaed  part 
of  G.  The  farther  this  decomposition  is  oamod^  the  ^seater  will  1^  the  propoBti<A  of  Bv 
whioh  ia  hroa^^  iato  aa  uaoomlnaed  state ;  aad  the  mane  paw^wftiUy  will  £  appose 
aajfsrlhertBiidaney  of  CtodetaohlhaffabstaaceA.  At  a  eertaia  yoiatt,  the  aflrnttasa 
of  B  aad  C  for  A  wiH  be  eoEaetly  balanoed,  and  tha  -deooaDij^oailtiea  will  pfoeaed  ae 
ArtiUii.  Ia  aeveral  aaaes,  it  is  aohnawledged  by  BertbeUeti  a  third  body  ^Mpantea  the 
whole  .of  one  of  the  priaoiplea  of  a  ooaipouiid ;  but  this  heaupposetf  io  happmau  coa- 
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BeqiieiiQe  of  tlxe  agency  of  other  extraneous  forces,  the  nature  of  which  remains  to  he 
pointed  out. 

Cohesion  is  a  force,  the  influence  df  which  over  the  chemical  union  of  bodies  has 
already  been  explained  in  a  former  section ;  and  other  illustrations  of  its  interference 
will  be  given,  when  we  consider  the  subject  of  the  limitations  to  chemical  combination. 

lasoluMUty  is  another  force,  which  essentially  modifies  the  exertion  of  affinity. 
It  is  to  be  considered,  indeed,  merely  as  the  result  of  cohesion,  with  respect  to  the  liquid 
in  which  the  effect  takes  place. 

When  a  soluble  substance  and  an  insoluble  one  are  presented,  at  the  same  time,  to 
a  third,  for  which  they  have  nearly  an  equal  affinity,  the  soluble  body  is  brought  into 
the  sphere  of  action  with  great  advantages  over  its  antagonist.  .  Its  cohesion  at  the 
outset  is  but  little,  and  by  solution  is  reduced  almost  to  nothing ;  while  that  of  the 
insoluble  body  remains  undiminished.  The  whole  of  the  soluble  substance  also  exerts 
its  affinity  at  once ;  whUe  a  part  only  of  the  insoluble  one  can  oppose  its  force.  Hence 
the  soluble  substance  may  prevail,  and  may  attach  to  itself  the  greatest  proportion  of 
the  third  body,  even  though  it  has  a  weaker  affinity  than  the  insoluble  one  to  the 
subject  of  combination. 

Insolubility,  however,  under  certain  circumstances,  is  a  force  which  turns  the 
balance  in  favour  of  the  affinity  of  one  body  when  opposed  to  the  affinity  of  another. 
For  example,  if  to  the  soluble  compound,  sulphate  of  soda,  we  add  baryta,  the  new 
compound,  sulphate  of  baryta,  is  precipitated  the  instant  it  is  formed;  and,  being 
removed  from  the  sphere  of  action,  the  soda  can  exert  no  effect  upon  it  by  its  greater 
quantity  or  mass.  For  the  same  reason,  when  soda  is  added  to  sulphate  of  baryta,  the 
sulphate  is  protected  from  decomposition  both  by  its  insolubility  and 'by  its  cohesion. 

These  facts  convinced  BerthoUet  that  the  order  of  precipitation,  which  was  formerly 
assumed  as  the  basis  of  tables  of  affinity,  can  no  longer  be  considered  as  an  accurate 
measure  of  that  force ;  and  that  the  body  which  is  precipitated  may,  in  some  cases,  be 
superior  in  affinity  to  the  one  which  has  caused  precipitation.  In  these  cases,  a  trifling 
superiority  in  affinity  may  be  more  than  counterbalanced  by  the  cohesive  force,  which 
causes  insolubility. 

Chreat  Speeifie  OraTity  is  a  force  which  must  concur  with  insolubility  or  cohe- 
sion in  originally  impeding  combination ;  and,  when  chemical  union  has  taken  place, 
it  must  come  in  aid  of  affinity,  by  removing  the  new  compoimd  from  the  sphere  of 
action.  It  is  scarcely  necessary  to  enlarge  upon  the  operation  of  a  force,  the  nature 
of  which  must  be  so  obvious. 

Elaiitioity. — Cohesion,  it  has  already  been  stated,  may  prove  an  impediment  to 
combination ;  and,  on  the  other  hand,  it  is  possible  that  the  particles  of  bodies  may 
be  separated  so  widely,  as  to  be  removed  out  of  the  sphere  of  their  mutual  attraction. 
Such  appears  to  be  the  fact  with  regard  to  a  class  of  bodies  called  airs  or  gases.  The 
bases  of  several  of  these  have  powerful  attractions  for  the  bases  of  others,  and  for 
various  liquids,  and  yet  they  do  not  combine  on  simple  admixture,  but  strong  mechani- 
cal pressure  brings  their  particles  sufficiently  near  to  bo  within  the  influence  of  their 
mutual  attraction,  and  combination  then  ensues. 

Again,  if  two  bodies,  one  of  which  has  an  elastic  and  the  other  a  liquid  form,  be 
presented  at  the  same  time  to  a  solid,  for  which  they  have  both  an  affinity,  the  solid 
will  imite.with  the  liquid  in  preference  to  the  gas.  Or,  if  we  add  to  the  compoimd  of 
an  elastic  substance  with  an  inelastic  one,  a  third  body  also  inelastic,  the  two  which 
are  inelastic  combine,  to  the  exclusion  of  the  elastic  body.    For  example,  if  to  the  com- 
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pound  of  potassa  and  carbonic  acid  we  add  sulphtuic  acid,  the  latter  acid,  acting  both 
by  its  affinity  and  its  quantity,  disengages  a  portion  of  carbonic  acid.  This,  by  its 
elasticity,  is  removed  from  the  sphere  of  action,  and  presents  no  obstacle  to  the  farther 
operation  of  the  sidphnrio  acid.  Hence  elastic  bodies  act  only  by  their  affinity ;  whereas 
liquids  act  both  by  their  affinity  and  quantity  conjoined.  And  though  the  affinity  of 
the  liquid,  abstractedly  considered,  may  be  inferior  to  the  affinity  of  the  elastic  body, 
yet,  aided  by  quantity,  it  prevails.  In  the  above  instances,  the  whole  of  the  elastic 
acid  may  be  expelled  by  the  iized  acid ;  whereas,  as  it  has  already  been  observed, 
decomposition  is  frequently  incomplete,  if  the  substance  which  is  liberated  remain 
within  the  sphere  of  action. 

The  influence  exercised  by  elasticity  in  modifying  the  play  of  affinity,  may  bo 
illustrated  by  restraining  the  elastic  substance  and  not  permitting  its  escape.  Thus,  if 
carbonate  of  lime  be  exposed  to  red  heat,  carbonic  acid  escapes  and  lime  remains;  but 
if  the  heating  be  conducted  in  a  close  vessel  imder  great  pressure,  then  carbonate  of 
lime  may  be  fused  unchanged.  In  this  way,  the  greater  part,  if  not  all  the  marble 
existing  in  Nature  has  been  evidently  formed. 

Eflloyescenee  is  a  circumstance  which,  occasionally  influences  the  exertion  of 
affinity;  but  this  is  only  of  very  rare  occurrence.  The  simplest  example  of  it  is  that  of 
Hme,  and  hydrochlorate  of  soda.  When  a  paste  composed  of  these  two  substances,  with 
a  great  excess  of  lime,  is  exposed  to  the  air  in  a  moist  state,  the  lime,  acting  by  its 
quantity,  disengages  soda  from  the  common  salt,  which  appears  in  a  dry  form,  on  the 
outer  surface  of  the  paste,  imited  with  carbonic  acid  absorbed  from  the  atmosphere. 
In  this  case  the  soda,  which  is  separated,  being  removed  from  contiguity  with  the 
interior  part  of  the  mass,  presents  no  obstacle  to  the  farther  action  of  the  lime,  and 
the  decomposition  is  carried  farther  than  it  would  have  been,  had  no  such  removal 
happened. 

TempezaUufe.— The  influence  of  temperature  over  chemical  affinity  is  extremely 
important ;  but,  at  present,  a  very  general  statement  only  of  its  ,effi»ct  is  required. 
In  some  cases  an  increased  temperature  acts  in  promoting,  and  at  others  in  impeding, 
chemical  combination ;  it  materially  affects  also  the  order  of  decompositions. 

An  increased  temperature  promotes  chemical  union  by  diminishing  or  overcoming 
cohesion.  Thus  metals  unite  by  fusion;  and  several  salts  are  more  soluble  in  hot  than 
in  cold  water.  Whenever  heat  is  an  obstacle  to  combination,  it  produces  its  effect  by 
increasing  elasticity.  Hence  water  absorbs  a  less  proportion  of  ammonia  at  a  high 
than  at  a  low  temperature.  A  reduction  of  the  temperature  of  elastic  bodies,  by  lessen- 
ing their  elasticity,  facilitates  their  union  with  other  substances.  In  certain  cases,  an 
increased  temperature  has  the  effect  both  of  diminishing  cohesion  and  increasing  elasticity. 
When  sulphur  is  exposed  to  oxygen  gas,  no  combination  ensues  until  the  sulphur  is 
heated;  and,  though  the  elasticity  of  the  gas  is  thus  increased,  the  diminution* of 
cohesion  of  the  solid  is  more  than  proportionate,  and  chemical  imion  ensues  between 
the  two  bodies. 

Sleetxioal  state  of  bodies  has  a  most  important  influence  over  their  chemical 
union.  This,  however,  is  a  subject  which  will  be  treated  at  length  in  a  subsequent 
chapter  on  Eteetro-chemietry. 

Meehanieal  preraure  is  another  force  which  has  considerable  influence  over 
chemical  affinity.  With  respect  to  solid  bodies,  its  agency  is  not  frequent ;  but  we  have 
unequivocal  examples  of  its  operation  in  cases  were  detonation  is  produced  by  concus- 
sion.   The  effects  of  pressure  are  chiefly  manifested  in  producing  the  combination  of 
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aikBlism  bedin  Miliar  with  sfliftlfl,  ivi^  «ad  ui  fMBOdrii^r 

iksBL    €haA:,te'caDuii|^e,isft«sQi&pDiiadl«f1i^ 

stsrabg^mssntSD,  ft  hMCt  ikurf  baapfiaiHLjKiAflwal:  to  mek  thft  «Uk,  7ri&Miit«Kpd2ng 
t3ie  caibonao  Mid. 

Sa(^ju«  tlwAiost  cm^ctftaiBt  ckeini0teaee«  that  lBMti%-  itJie  eMrtkmdT'dttraiEttl 
flffiaaetf.  Of  ^iieiir  inAiLenoe,  «ufici«t  illsstiatiPBB  lunre  iMftn  fitem  te  fiwTe,  thflt  n 
B»  one  of  conbinAtum  ttad  4eoa«ipoail&!D2i  aiei*«  ift  •eouiaAv  due  ic«M  of  dbufcf 
abstractedly,  but  are  to  take  into  account  the  agency  of  otibir  p»w«ti«'  «b  tfolusileto^ 
quaatity,  inaoljiiibility)  dastuoty^  effliMeKseMe,  ttid  temptrttuM.  Bwt  w^e  i^atMiQt  eon- 
cede  to  Bertbfiilet  &at  ihtae  accenBary  f<KOM  «re,  ef  libsoMfelTMi  suffieieiKt  to  «a|iMti 
all  the  ^beBomeDa  to  whkli  lie  has uppiisd  theat;  for  bo  mm  "CML^ubt  tiutt^hankotl 
deoompontions  and  oombinatiaBs  are,  m  a  goeat  inajodty  of  «Mei,  piadvoodindspftii* 
denldy  of  thoas  Aocossary  iioDoes,  «&d  are  d»e  to  ^e.^Bfferrait  ^dqpees^f  offinily  n^enstxt 
in  the  heterogeneous  pai'ticles  of  bodies.  .  Still  less  eaiLilie  prinoifloa  of  Betiholilot  be 
adinitted,  to  aoooHst  fSortbe  mufatKily  of  ^opociioiifl  ia  viiieh  btdioB^ooH^flM;  for 
besides  tihaifc  tiie  oame  aSRgned  is  ittadefuote  to  i&o  effect,  itfn  find  im  Uao  fltemic  linofy 
a  £Bir  more  salufacteny  explanatioa  «f  tko  imioA  <of  bodiaes  in  d«&iite  taA  ati  vnltiyle 
pisopoatiopft.  Thai  tke  tluoary  oi  BerthoUet  is </£  mucb  hkkrb  tiraiM  a|^plio«tia&linai 
he  supposed,  will  appear  also  ^xnii  4^  iaUowiiig  conaidenttkniA. 

1.  It  lias  been  ahonm  by  Pmtoscar  FiiiE;  of  Kdil  <77  Aim.  4a  Ohiai.  p.  2fi9), 
tbat,  in  Tiiioiur oBsea,  wiiexe  two  «cids  a«e  br9«|^tinto  cdattot  wi£b  oat  htee^  tiiobaao 
uoitea  with  me  acid,  to  tbo  cM^Bifdte  cxdiuiob  of  i^  Whvi^  iftc  emmpk^  t9  9l 
^Ten  weight  of  iimo,  quaotttiosiBf  sitlfhsurie  aatd^oiadic  acfais  axe  addoil,  fHftikatciiMA 
would  exactly  neutralise  the  lime,  the  sulphuric  acid  unites  with  the  lime  to  jSht^ntin 
e2s2«Ba&<^1^ttttalie.  fiSmaar  eyaAanco  of  a  miperwr  jJiaily  of  iho  wipWw'a'Bcid, 
orer  that  of  tibe  oxtSac,  is  obtamMl  by  ptecing  tfaoae  aieida  in«0Btoet  witkas  mndlfHpio 
oflfladaa  w<)midcacaetly8atiustoflitifeer<of  ^ihenL.  Now^  ia  ihoaa  atstweoa,  mii4  j&  ft 
multiplicity  of  oihem  ik^kt  isaine  idfld,  wie  oanaot  oxplaia  tike  €ff«ct  by  .tfao  ealrBttooils 
£noe  of  od^ieaioB,  wMcb,  judgiag  from  tbo  Aqgiee  of  iaofiiiiibaity,  is  gmater  iak  the 
onginftl  tban  in  llio  aow  eompmiftdy  ftodcm  thesrafiiite  baipifrbftd  so  aiuvO  ta  jAe  pfo- 
dndaoft  of  ttw  latter. 

2.  Borne  Df  iibe  cases,  wiuek  bftre  been  befoto  iqaotod  from  Botiiui&st,  te  dhoW 
tboTOeipiroeai<ii^iflmotii€Utof  two  bodies  by  each  other  fitomft  tii3fvl,«BeiMrtpNibftbi7 
ezaapks,  znxit  of  stn^  Moetiire  aiBnityi  in  which  tbros  bodies  oitly  «ra  DOHocRiods 
bitt  of  4i»09i»  afisifcf  ,  in  which  t^  ftlteft^ 

In  tho  irst  ease,  lor  ecaii^  tbara  is  reason  to  belies  that  ««2|)b«ris  a«!idis<diqpfaie«d 
fiom  baryta,  not  by  fme  potaasa,  bmt  by  podasi^  which haaabsorbod  eatboaio  aoidftisBi 
tho  adanosphoDe. 

3.  In  other  cases,  the  consideration  of  the  affinities  of  two  bodies,  A  a&d  fi,  £dr 
a  thiid,  €,  is  'ConpSicated  with  tius  oizcuinstoiice^  that  tfao  n0ti(nd«o(iBpQiiiid  -of  A  and 
Bhaaana£hutyfoftiar1^erproportioftofoiieof  itsiftg»dieat8*  U^  then,  €  be  brovgibt 
into  contact  with  [the  compound  A  B,  we  may  have,  acting  at  ths  samo  iiMiiiiiii, 
thoflffiaityaf  C  £9r  A,  which  patily  4eooKposes  theottnpQvadAB;  aMKhoaftbity 
ofthewideconposedpartof  ABiaratiadditiottfltportMftof  B.  For  xiuftMaoe,  wha 
nitric  «cid  acts  on  snlphate  of  potassa,  soose  nitcate  -of  potassa  ia  ^waied;  aftd  ths 
tulphtsae  aod«  which  is  -set  at  liberty,  «niti«g  with  the  ttadfieoinposoA  siiJ^to  4f 
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potaflsfl,  coiB^ses  a  new  salt^  consisting  of  solpkate  of  potassa  wil^  ssbl  additia&al  pro- 
portion of  sulphnnc  acH. 

4.  It  is  a  strong  objection  to  the  theory  of  BerthoUet  that,  in  some  cases, 
decoTTipoRitinns  happen,  which,  according  to  his  yiews,  ou^^  not  to  ta^  place;  and 
that  in  othexs  decompositions  do  not  ensoe,  wHch  the  theory  wo«ld  ha-v^leduato  have 
anticipated. 

5.  The  theory  is  objectionable,  inasmuch  as^  in  several  instances,  foiroM  are 
supposed  to  operate,  before  the  bodies  exist  to  which  those  forces  are  attributed.  It  is 
inconceivable,  for  instance,  that  the  cohesion,  or  insolubility,  of  sulphate  of  baryta,  can 
have  any  share  in  producing  the  decomposition  of  sulphate  of  potassa  by  that  earth ; 
for  tbeiiBolubility  of  snlpliate  of  haiyta  can  liAve  no  -agency  tiU  that  compoajqd  is 
£>aned^  which  is  lihe  very  effect  to  be  ezplaixied. 

JMotwitbatandin^  these  objections  to  the  &eory  of  BerthoUset,  when  oaixied  so  lar  xis 
has  been  done  by  its  author,  in  the  explanatioa  of  chemkal  phenomena,  it  must  stall  be 
adxaitted  that  the  extraneous  forces,  pointed  out  by  that  acute  phtlosc^er,  have  same 
ioStueDce  in  modifying  the  effects  of  ehemical  affinity^  But  these  forces  are  -entitled 
only  to  be  4>onaidered  as  secoadaiy  causes,  ttnd  not  aa  deltermimng'coiibinatioDS  or 
decunpofiitionSy  nor  as  r^gulaling  tlue  proportions  in  which  bodies  unite,  inidependently 
of  the  superior  £arce  of  chemical  4ifBnity« 

'  iVMces  43£  JUBEUiity.-— The  afSiutiies  of  one  body  for  a  number  of  athers  ass  noi 
all ^f  the  sante  degiee  of  force.  This  is  all  that  the  preset. state  of  our  knowledge 
authorises  us  to  affirm ;  for  we  are  ignorant  how  much  the  affinity  of  one  body  for 
another  is  superior  tb  tint  eS.  a  third.  The  determination  of  tiia  precise  forces  of 
affinity  would  be  an  liB^ortant  step  in  chemical  phjlosopliy:  fo  its  phehomena 
might  then  be  redoeed  to  ^eftJeolation ;  and  we  should  be  enabled  io  anticipate  the 
results  of  experimoit.  I5iat  llie  force  of  chemical  affiarity  rnnst  be  prodigiously 
great,  is  evident  from  its  effect  in  preserving  the  combination  of  water  with  some 
bodies  (th6  a&ca<B«s  "ictt  instance)  when  exposed  to  a  vioiest  heat,  notwithstanding 
its  'grest  eis^idSiiiy^  fttce,  and  though  water  is  not  essential  to  the  constitution  of 
those  bodies. 

The  observed  order  of  decomposition,  it  has  already  been  «ta!l»d,  does  no^  enable  us 
to  assign  the  order  of  the  forces  of  affinity;  because,  in  many  decompositions,  extra- 
iwoHa  i&xmA  ai«  ceticeraMd.   Otter  laetiioda  of  dcfenntnipg  liaeproblcim  have  tiieveforc 

WhiK  the  4Ka(&ae  of  M«  bofl^  ia  laiDtig^  iBto  •^^ 
sKmt  Idndy  ss  wtoi  the  waooth  aiicf acas  of  a  4ivided  IsadMi  buUetare  pressed  to^a&er^ 
thfiy  i^hei«  by  th4  ffisee  of  oaJMiiim,  tkeir  puticlfis  ba^  Bvt 

irhen  the  war&oas  of  diiSfenent  bodies  are  thus  boought  into  i^aneat  cdataot)  it  isdemed 
to  tGHuytcA  reaaonaMe  to  aws^ose  that  their  adhMian  aroee  &fan  chomiaal  affinity, 
htem»m  tbar  pairtides  w«t«  of  different  Idni&k  He  prop98ed,  thereiaro,  the  ooapacativc 
ibiw,  'ynUsk  whifSk  dsfienent  lurfaoM  Adheve^  as  «  measuro  of  ehraueal  f^fiaily.  His 
im^mmaatA  w^oioade on  pltfles  of  dcffeardBt  laetals,  of  pneeiflQly  the  auaM  aiao  and 
imm^  suspeadod  by  tikkeir  oentoas  liroaa  the  aim  of  a  iiensibie  bakoaoe.  The  lower 
fiur£M»a  «f  t^se  i^ttbes  ««re  sueeeanvidy  bretaght  into  eontact  witii  aorouiy, 
wbiek  w««  «bkanged  for  each  ez^rinMBt,  and  the  weight  w^as  ohsarved,  which  it 
vas  seoessary  to  add  to  tbe  opposite  acale,  iu  <xdm  to  detai^L  the  aeveiial  naelals. 
Xhose  ^nrii^  TdqiOMd  .lite  Ingest  nf^diftii  were  in&md  to  hav«  t^  gmatast 
•affinity ;  and  it  is  i«markald«  that  the  order  of  affinidea,  as  4etMaai&6d  in  this 


Digiti 


zed  by  Google 


60  OBDER  OF  CHEMICAL  AFFINITY. 

way,  correspond  with  the  affinities  as  ascertained  by  other  methods.    The  following 
were  the  results : — 


Crold  adhered  to  mercury  Zinc 


with  a  force  of 
Silver  . 
Tin       . 
Lead     . 
Bismuth 


446  grains.  Copper  . 

429  Antimony 

418  Iron      . 

397  Cobalt  . 
372 


.    204  grains. 
.     142 
.     126 
.    115 
8 


This  method,  it  must  be  obvious,  is  of  too  limited  application  to  be  of  much  utility  ; 
for  few  bodies  have  the  mechanical  conditions  which  enable  us  to  subject  them  to  such 
a  test.  How,  for  example,  could  the  affinities  of  acids  for  alkalies  be  examined  on  this 
principle  ?  It  may  be  doubted  also,  whether,  in  the  cases  to  which  it  may  be  applied, 
it  does  not  measure  facility  of  combination  rather  than  the  actual  strength  of  affinity. 

To  determine^  accurately  the  relative  forces  of  affinity  which  a  body  (A)  of  one  class 

exerts  towards  a  number  of  others  (X  Y  Z)  of  a  different  class,  and  to  express  them  by 

numbers,  Mr.  Kirwan  proposed  the  quantities  of  the  latter  which  are  required  to 

produce  neutralization.    With  this  view,  he  made  numerous  experiments ;  but  as  their 

results  have  been  shown  to  be  inaccurate,  I  shall  employ,  in  explaining  the  principle  of 

his  method,  the  more  correct  numbers  which  have  been  since  ^  ascertained  by  other 

chemists. 

40  Parte  of  48  Parti  of 

Sulphuric  Actd  Potassa 
require  for  Neutralization  require 

54  parts  of  nitric  acid. 
44    *^     of  carbonic  acid. 
40    "     of  sulphuric  acid. 
36    "     of  hydrochloric  acid. 


In  judging  of  the  affinities  of  the  same  acid  for  different  bases,  Mr.  Kirwan  assumed 
that  they  are  represented  by  the  numbers  indicating  the  quantities  of  each  base  required 
for  neutralization.  Thus,  because  40  parts  of  sulphuric  acid  neutralize  76  of  baryta 
and  48  of  potassa,  he  concluded  the  affinity  of  the  former  to  that  of  the  latter  to  be  in 
the  proportion  of  76  to  48.  So  far  the  inference  corresponds  with  the  order  of  decom- 
position ;  baryta,  ^or  example,  takes  sulphuric  acid  from  potassa.  But  even  in  this 
case,  we  are  not  entitled  to  conclude  that  these  numbers  express  accurately  the  relative 
affinities  of  different  bases  for  the  same  acid.  And  if  we  apply  the  rule  to  the  numbera 
in  the  second  colunm,  we  shall  find  it  to  fail  entirely;  for  both  nitric  and  carbonic  acids 
are  separated  from  potassa  by  sulphuric  acid,  although  the  capacity  of  saturation  in  the 
latter  is  expressed  by  the  lowest  number.  Mr.  Kirwan  was,  therefore,  driven  to  the 
necessity  of  establishing  a  precisely  Opposite  rule  in  determining  the  affinities  of 
different  acids  for  the  same  base,  and  of  assuming  that  they  are  inversely  proportionate 
to  the  quantities  of  the  saturating  acid.  Thus  the  affinity  of  nitric  acid  for  potassa 
would  be  represented  by  40,  and  that  of  sulphuric  acid  by  54.  This,  however,  involves 
a  contradiction ;  since  it  is  implied  that  in  one  set  of  cases  a  greater  quantity  of  the 


76  parts  of  baryta. 

62 

(( 

of  strontia. 

48 

ti 

of  potassa. 

32 

u 

of  soda. 

28 

u 

of  lime. 

20 

u 

of  magnesia. 

17 

« 
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saturatmg  principle  indicates  a  stronger  affinity,  and  that  in  the  other  a  less  quantity 
implies  a  stronger  affinity. 

Since  neutralization  is  an  effect  of  chemical  affinity,  which  must  in  all  cases  bear  a 
proportion  to  its  cause,  it  was  argued  by  BerthoUet  that  the  substance  which,  in  the 
itnaUeut  quantity^  neutralizes  another,  is  the  one  possessing  the  greatest  affinity.  Thus, 
because  17  parts  of  ammonia  go  as  far  in  neutralizing  a  given  weight  of  any  acid  as  78 
of  baryta,  he  concluded  that  the  relatiye  affinities  of  ammonia  and  baryta  for  acids  are 
inversely  as  those  numbers.  That  ammonia  is  expelled  from  all  acids  by  baryta,  he 
explains  by  the  action  of  an  extraneous  force  (elasticity)  which  exists  in  ammonia,  and 
turns  the  balance  in  favour  of  the  fixed  bases.  But  this  explanation  is  liable  to  an 
obvious  objection ;  for,  as  the  elasticity  of  ammonia  is  suppressed  by  combination  with 
sulphuric  acid,  what  (it  may  be  asked)  but  a  stronger  affinity  for  that  acid,  existing  in 
all  the  substances  standing  above  ammonia  in  the  Table,  can  determine  the  first  com- 
mencement of  decomposition  ? 

It  is  sufficient  to  have  given  this  brief  view  of  the  methods  employed  to  express 
numerically  the  forces  of  affinities,  to  show  that  the  problem  has  not  yet  been  solved ; 
that  they  cannot  be  appreciated  by  the  adhesion  of  surfaces ;  and  that  they  are  not 
denoted  by  those  equivalent  numbers,  or  atomic  weights,  that  have  been  deduced.fix>m 
the  proportions  in  which  bodies  combine. 

Of  Complex  Affinity. — Under  the  more  general  name  of  complex  affinity^  Ber- 
tbibllet  includes  all  those  cases  of  decomposition  which  have  hitherto  been  considered  as 
produced  by  the  action  of  four  affinities,  commonly  denominated  double  elective  affinity. 
It  frequently  happens  that  the  compound  of  two  bodies  cannot  be  destroyed  either  by  a 
third  or  a  fourth  separately  applied ;  but  if  the  third  and  fourth  be  combined,  and 
placed  in  contact  with  the  former  compound,  a  decomposition  or  exchange  of  principles 
will  ensue.  Thus,  when  lime  water  is  added  to  a  solution  of  the  sulphate  of  soda,''no 
decomposition  happens,  because  the  sulphuric  acid  attracts  soda  more  strongly  than  it 
attracts  lime.  If  nitric  acid  be-  applied  to  the  same  compound,  its  principles  remain 
undisturbed,  because  the  sulphuric  acid  attracts  soda  more  strongly  than  the  nitric. 
But  if  the  lime  and  nitric  acid,  previously  combined,  be  mixed  with  the  sulphate  of 
soda,  a  double  decomposition  is  effected.  The  Hme,  quitting  the  nitric  acid,  imites 
with,  the  sulphuric ;  and  the  soda,  being  separated  from  the  sulphuric  acid,  combines 
with  the  nitric  These  decompositions  are  rendered  more  intelligible  by  tiie  following 
kind  of  diagram,  suggested  by  Bergman,  the  form  of  which  may  be  readily  modified,  so 
as  to  adapt  it  to  more  complicated  cases.  A  more  convenient  method,  however,  of  indi- 
cating chemical  decompositions  is  the  one  given  at  page  30. 

Nitrate  of  Soda  86 


Sulphate  of 
Soda  72 


Sulphuric  acid  40  Nitric  acid  64 


Soda  32  Lime  28 


Nitrate  of 
Lime  82 


i/ 


Sulphate  of  lime  68 

-     On  the  outside  of  the  vertical  brackets  are  placed  the  original  compounds ;  and 
above  and  below  the  diagram,  the  new  compounds.    The  upper  line,  being  straight, 
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iadieatat tbrt  tke  sierate  of ■odR  reBMuna  m  selutLan ;  mi.  tiw  iin(M]»«f  Ibe UwerfiDe, 
being  directed  doirnwards,  that  the  sulphate  of  lime  is  precipitetecL 

Tlie  %ares,  irhi<^  fonn  paxtef  tiw  diagram,  tan  the  eqniTideiit  mnsbenr  ti  the 
ovigiBal  and  Beirl;f-lbRBe«l  oompeizadg,  as  weS  aa  of  their  prozimste'  elemcntv.  Tina^- 
hy  wiingKiifcg  79  parts  of  svPphate  ai  sods,  consisliiig  of  S2  soda  and  40  snlpfttme  acid, 
with  82  of  nitrate  of  Hnxe,  =  54  naftm  selel  and  28  Hum,  Iftie'prodaetB  are  69  of  sidpiorte' 
of  Kme  (28  base  4-  40  acid),  and  86  nxbnkte  of  sods  (93  base  +  ^  aeM).  "Wlas  the 
ORgmal-  eompotmda  are,  as  m  this  inataaee*,  perfeetly  neatral,  tiie  new  ptodacta  mET  be 
Ibuad  eqiiaiEy  so.  This  general  fiiet,  first  Botieed  bj  ITens^,  is  a  eooeeqtieaee  of  the* 
hnr  of  combination  in  definite-  proportioBS ;  for,  nnder  all  cirenmatasMsea,  ec[i]iya!!ent 
quaatitiea  of  senb  and'  bases,,  w^etfier  ^SneAj  united  or  mutoall j  traBafencd,  aa  is  tiie 
aboTB*  uwtanee,  must  exactly  nentraH^ro  eadb  othtf. 

.  Soda  32  7  jSitrate  of  soda  86 

Sulph«tftQfaoda72| 

( SaJploiadDaeid  4 

rNiiffieaeidd4 

Nitrate  of  lime  82 


( lime  28  \  Sulphate  pf  ISme  v  t9 


To-  the  affinitififl  tending  to  produce  deciompositioD:  Mr.  Kirwan  |;|Lye  the  name  of 
diveUeiU  afinitmy  and  to  those  preserving  the  origiaal  compoun£U>that  of  qtMsscnt 
affinities.  These  he  attempted  to  express  by  xnimbera^  so  chosen  as  ^  enable  him.  to 
antkifAte  the  results  of  expeziment.  It  is  aufficient  to  observe,  that,  fsx  reasow  which 
X  have  already  stated,  thia  attempt  entireliy  failed;  We  may  stiLl,  however,  retain  the 
expressions  dwellmt  and  quiesceni,,  as  a  con-venient  mode  of  i^akJAg  o^  a  cwtain  class 
of  chemical  decompositions  Over  these  phenomena,  the  extraneous  (cauaeS).  pointed 
out  by  BerthoUet,  appear  alao  to  have  considerable  imfluence.  That  of  qmmtitjf  is 
shown  by  the  fac%  that  if  two  salts  b«  mixed  together  in.  certain  proportions,  decompo- 
sition will  ensue ;  but  not  i£  mixed  in  other  proportioos.  Thua,  from,  the  mingled 
soluiiona  of  two  parts  of  hydroehlorote  of  lime  and.  one  of  nitrate  of  potasaa,  we*  obtaia 
hydrochlorate  of  potassa;  but  not  from  equal  weighte  of  the  two  salts.  InaohibiJity,  as 
precipitation,  has  also  a  considerable  inftuenee  ea  the  result.  When  thia  occurs,  the 
influence  of  quantity  is  destroyed,  as  in  the  ease  of  sulphate  of  potassa  and  hydroehlorate 
of  baiyta.  Elasticity,  and  an  increased  temperature  (which  operates  hy  iocreaeing 
elasticity),  and  the  reverse  of  this,  or  a  greatly  diminished  temperature,  have  also  a 
powerful  influence  in  promoting  the  action  of  complex  aflinities.  Thus  of  four  principles, 
two  of  which  are  volatile  and  two  fixed,  the  two  which  are  volatile  will  be  most  dis- 
posed to  unite  together  at  a  high  temperature,  even  though,  imder  other  circumstances, 
they  may  taka  a  different  order  of  arrangement.  Thus,  at  common  temperatures,  car- 
bonate of  anunonia  decomposes  sulphate  of  lime ;  but  if  a  mixture-  ef  sulphate  of 
ammonia  and  carbonate  of  lime  be  heatcdj  we  obtain  carbonate  of  ammonia  and  sulphate 
of  lime.  The  nature  of  the  fluid,  in  which  salte  are  dissolved,  has  also  an  unportent 
influence  on  their  tendency  to  mutual  decomposition  (Ann.  de  Chim.  et  de  Phys. 
iv.  366). 

OthfiT  ezeeptions  to  the  lavs  of  afinity,  a^fiKting  donUk  aa  wdl  m  siag^  ctecompo- 
sitioni^  have  been,  elassed  tegetiier  under  tha  naiae  of  rmipgoeal  ^mfy,    They  oecur 


Digiti 


zed  by  Google 


txwEmmmvTsx.  nxtwrsAnosni 


«3 


t\ieSy  m  the  mnhml  aetion  c^sdiul^Gar^onates  and  ia«oliibIe  srits  en  eaek  elfter,  tcuA 
are  limited  to  those  eaaea  in  irBldt  an;  znsf^iil)!^  coraponDd  J9  one  of  tbe  prodsciff.  For 
example,  cxrhonate  vi  poCasaa  and  sulphate  of  IkoTta,  m  qptstttitiea  dsnoted  by  their  ^ 
atomic  nmzAers,  wlteB  long  boiled  togetiter  irith  <^Erater,  form  earfaoBflter  of  baryta  and 
sulphate  of  potassa.    Thus,  « 

/  Potassa  48  7  Sulphate  of  potassa  88 

Carbonate  of  potassa  70  { 

^  Carbamc  acid  22 


Sd[pia(fc&  of  baryta  116  * 


.$uXphiuie  acid  40^ 
t  Baryta  76 


CarboMBte  of  baryta  9S 


But  if  we  vevease  the  experiment,  and  digest  together  equivalent  quantities  of 
aolphate  of  potassa  and  carbonate  of  baryta)  we  have  still  a  mutual  exchange  of  acids 
and  bases^  w  foUowa  :^ 

.    ^  /Baryta  76.  ^Sulphate  of  baryta  116 

Cacbonate  of  baryta  98  ( 


SHiJphate  of  potassa  88 


Carbonio  acid  22. 


Sul!|^i]flriieacii;4« 


Potassa  48 


Carbonate  of  potassa  TO 


7  ISimf^  ihe  resttlta  of  ihd  latter  ea^iiment  would  appear^  on  first  viow,  quite  incon- 
siat^Mt  ndtb  the  order  of  aflmities  established  by  the  former.  But  when  the  facts  arc 
cksely  exadttia«<^  it  will  be  found  that  in  neither  case  is  the  exchange  of  principles 
complete ;  for  in  both  the  decomposition  ceases  as  soon  as  the  newly-fonxued  compounds 
haye  boq^Liired  a  certain  proportion  to  the  ozigi&al  oujCs  and  to  each,  other.  In  the  case 
exhibited  by  the  first  ^agram,  the  alkaline  energy  of  the  soluble  carbonate  gradually 
beoomea  lesa  as  its  quantity  dimiaisheSy  and  as  the  sQlutioa  approaches  nearer  and 
neaver  to  neutralisation,  la  the  second  case^  the  dceompoaitiea  cannot  be  carried 
beyond  that  point  at  which  the  carbonate  of  baryta  and  sulphate  of  potassa,  remaining 
undecomposed,  are  in  certain  proportions  to  each  other.  These  facts  have  been  care- 
fully iavestigated  and  iageidously  explained  by  Dulong^  at  greater  length,  than  would 
be  eonaiatent  with  the  objects  of  this.  work.  I  re&r,  theEteforei  to  his  Memoir  in  the 
8S^d  vel.  of  the  Annalea  de.  Chomie,  which  has  been  translated  inlo  the  SSth  and  36th 
vol.  of  Nicholson's  8vo  Journal^  and  published  m  an  abnd^^  form  in  the  4l8t  vol.  of 
the  Philosophieal  Magaaioe. 

EaUMaiiwiintiiil  mulmttoai.— For  these  experimeBtSi  a  few  wine-glasses,^  or, 
in  prefeveoee,  deep  ale-gleases,.  will  be:  required ;,  and  a  Florence  flask  for  performing 
the  selwIienflL 

I.  Some  bodies  appear  to  have  no  affinity  for  each  other. — Oil  and  water,-  mercury  and 
water,  er  pewdered  chalk  and  watery  whioa  shaken  togetbM  ia  a  iaal»  do»  not  oomlnne, 
the  oiior  wiitsir  alwayariamsrtto.  the  surfiice)  and  the  nrarcuiy  or  chalk  sinking,  to  the 
beMMi. 

H.  ^cam0le$>qf  ehmietUi^/Uiii^afidiUmMt  nn^  ^ffkc^  fm^  sabauuL-Sngfias  or 
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common  salt  disappears  or  dissolves  ia  water ;  chalk  in  dilute  hydrochloric  acid.  Sugar 
and  salt  are  therefore  said  to  he  soluble  in  water^  and  chalk  in  hydrochloric  acid.  The 
liquid,  in  which  the  solid  disappears,  is  termed  a  solvent  or  menstruum.  Chalk  or  sand, 
on  the  contrary,  when  mixed  with  water  by  agitation,  always  subsides  again.  Hence 
they  are  said  to  be  insoluble, 

III.  Influence  of  mechanical  division  in  promoting  tJie  action  of  eJhetnieal  affinity y  or  in 
favouring  solution. — ^Lumps  of  chalk  or  marble  dissolve  much  more  slowly  in  dilute  hydro- 
chloric acid  than  equal  weights  of  the  same  bodies  in  powder.  Hydrochlorateof  lime,  or 
nitrate  of  ammonia,  cast,  after  liquefaction  by  heat,  into  the  shape  of  a  solid  sphere,  is 
very  slowly  dissolved;  but  with  great  rapidity  when  in  the  state  of  a  powder  or  of  crystals. 
"When  a  lump  of  the  Derbyshire  spar  (fluoride  of  calcium)  is  immersed  in  concentrated 
sulphuric  acid,  scarcely  any  action  of  the  two  substances  on  each  other  takes  place ; 
but  if  the  stone  be  finely  pulverized,  and  then  mingled  with  the  acid,  a  violent  action  is 
manifested,  by  the  copious  escape  of  vapours  of  hydrofluoric  acid.  In  the  common  arts 
of  life,  the  rasping  and  grinding  of  wood  and  other  substances  are  familiar  examples. 

rV.  Hot  liquids,  generally  speaking,  are  more  powerful  solvents  than  cold  ones. — ^To 
four  ounce-measures  of  water,  at  the  temperature  of  the  atmosphere,  add  three  ounces 
of  sulphate  of  soda  in  powder.  Only  part  of  the  salt  will  be  dissolved,  even  after  being 
agitated  some  time.  Apply  heat,  and  the  whole  of  the  salt  will  disappear.  When  the 
liquor  cools,  a  portion  of  salt  will  separate  again  in  a  regular  form,  or  in  crystals.  This 
last  appearance  affords  an  instance  of  crystallization. 

To  this  law,  however,  there  are  several  exceptions ;  for  many  salts,  among  which 
is  chloride  of  sodium,  or  common  salt,  are  equally,  or  almost  equally,  soluble  in  cold 
as  in  hot  water.  Hence,  a  hot  and  saturated  solution  of  chloride  of  sodium  does  not, 
like  the  sulphate,  deposit  crystals  on  cooling.  To  obtain  crystals  of  the  chloride,  and 
of  other  salts  which  observe  a  similar  law  as  to  solubility,  it  is  necessary  to  evaporate 
a  portion  of  the  water ;  and  the  salt  will  then  be  deposited,  even  while  the  liquor 
remains  hot.  In  general,  the  more  slow  the  cooling,  or  evaporation,  of  saline  solutions, 
the  larger  and  more  regular  are  the  crystals. 

y.  A  very  minute  division  of  bodies  is  effected  by  solution. — Dissolve  two  grains  of 
sulphate  of  iron  in  a  quart  of  water,  and  add  a  few  drops  of  this  solution  to  a  wine- 
glassful  of  water,  into  which  a  few  drops  of  tincture  of  galls  have  been  stirred.  The 
dilute  infusion  of  galls  will  speedily  assume  a  purplish  hue.  This  shows  that  every 
drop  of  the  quart  of  water,  in  which  the  sulphate  of  iron  was  dissolved,  contains  a 
notable  portion  of  the  salt. 

YI.  Some  bodies  dissolve  much  inore  readily  and  copiously  than  otJiert, — ^Thus,  an  ounce- 
measure  of  distilled  water  will  dissolve  half  its  weight  of  sulphate  of  ammonia,  one- 
third  its  weight  of  sulphate  of  soda,  one-sixteenth  of  sulphate  of  potassa,  and  only 
one  five-hundredth  its  weight  of  sulphate  of  lime. 

YII.  Mechanical  agitation  facilitates  solution,— Into  a  wine-glassful  of  water,  tinged 
blue,  with  the  infusion  of  litmus,  let  fall  a  small  lump  of  solid  tartaric  acid.  The  acid, 
if  left  at'  rest,  even  during  some  hours,  will  only  change  to  red  that  portion  of  the 
infusion  which  is  in  immediate  contact  with  it.  Stir  the  liquor,  and  the  whole  will 
immediately  become  red. 

YIII.  Bodies  do  not  act  on  each  other,- unless  either  one  or  both  be  in  a  state  if  solution, 
or  at  hast  contain  water. — 1.  Mix  some  dry  tartaric  acid  with  dry  bi-carbonate  of  soda, 
and  grind  them  together  in  a  mortar.  No  combination  will  ensue  till  water  is  added ; 
which,  acting  the  part  of  a  solvent,  promotes  the  union  of  the  acid  and  alkali,  as   { 


Digiti 


zed  by  Google 


ILLUSTRATIONS  Of  CHKMICAL  AFFINITY. 


6d 


appears  itom  a  yiolent  effervescence.  It  haa  been  shown  by  Link)  tliat  the  w^ter  of 
cIyBta^ization)  existing  in  certain  salts,  acts  as  free  water  in  occasioning  chemieal 
action.  For  example)  acetate  of  lead  and  sulphate  of  copper,  both  in  crTStals,  be* 
come  green  when  triturated  together,  a  proof  of  the  mutual  decomposition  of  those 
two  salts. 

2.  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches  square,  some  dry  nitrate 
of  copper,*  and  wrap  it  up.  No  effect  will  follow.  Unfold  the  tinfoil,  and,  having 
sprinkled  the  nitrate  of  copper  with  thQ  smallest  possible  quantity  of  water,  wrap  the 
tinfoil  up  again  as  quickly  as  possible,  pressing  down  the  edges  closely.  Considerable 
heat)  attended  with  fumes,  will  now  be  excited ;  and,  if  the  experiment  has  been 
dexterously  managed,  even  light  will  be  eyolved.  This  shows  that  nitrate  of  copper 
has  no  action  on  tin,  unless  in  a  state  of  solution. 

IX.  Bodies,  wen  when  in  a  state  of  solution,  do  not  act  on  each  other  at  perceptible 
distances;  in  other  words,  contiguity  is  essential  to  the  action  of  chemical  ^affinity.— 
Thus,  when  two  fluids  of  different  specific  gravities,  and  which  have  a  strong  affinity 
for  each  other,  are  separated  by  a  thin  stratum  of  a  third,  which  exerts  no  remarkable 
action  on  either,  no  combination  ensues  between  the  uppermost  and  lowest  stratum. 
Into  a  glass  jar,  or  deep  ale-gliass,  pour  two  ounce^measures  of  a  solution  of  subcar- 
bonate  of  potassa,  containing,  in  that  quantity,  two  drachms  of  common  salt  of  tartar* 
Under  this  introduce,  very  carefully,  half  an  ounce-measure  of  water,  holding  in 
solution  a  drachm  of  common  salt ;  and  again,  under  both  these,  two  ounoe>measures 
of  sulphuric  add,  which  has  been  diluted  with  an  equal  weight  of  water,  and  allowed 
to  become  cooL  The  introduction  of  a  second  and  third  liquid,  beneath  the  first,  is 
best  effected  by  fiUing,  with  the  liquid  ta  be  introduced,  the  dropping  tube, 
which  may  be  done  by  the  action  of  the  mouth.  The  finger  is  then  pressed 
on  the  upper  orifice  of  the  tube ;  and  the  lower  orifice  being  brought  to  the  bottom  of 
the  vessel  containing  the  liquid,  the  finger  is  withdrawn,  and  the  liquid  descends 
from  the  tubC)  without  mingling  with  the  upper  stratum.  When  a  solution  of 
carbonate  of  potassa  is  thus  separated  from  diluted  sulphuric  acid,  for  which  it  has 
a  powerful  affinity,  by  the  intervention  of  a  thin  stratum  of  brine,  the  two  fiuids 
wiU  remain  distinct  and  inefficient  on  each  other ;  but,  on  stirring  the  mixture,  a 
violent  effervescence  ensues,  in  consequence  of  the  action  of  the  sulphuric  acid  on 
the  potassa. 

X  Two  bodiesy  having  no  affnityfw  each  other y  umu  oy  tAe  interveutum  of  a  third* — 
Thus,  the  oil  and  water  which,  in  Experiment  I.,  could  not,  by  agitation,  be  brought  into 
union,  unite  immediately  on  adding  a  solution  of  caustic  potassa.  The  alkali,  in  this  casC) 
acts  as  an  intermedium.  The  fact,  however,  admits  of  being  explained  by  the  supposi- 
tion, that  the  oil  and  alkali  form,  in  the  first  instance,  a  compound  whidx  is  soluble 
in  water, 

XL  Saturation  and  neutralixation  illustrated,— ^siet,  after  having  taken  upas  much 
common  salt  as  it  can  dissolve,  is  said  to  be  saturated  with  salt.  Hydrochloric  acid,  when 
it  has  ceased  to  |ict  any  longer  on  lime,  is  said  to  be  neuiralizedy  as  is  also  the  lime. 

i  XII.  The  properties  characterizing  bodies,  when  separate,  are  destroyed  by  chemical  com* 
binatum,  and  new  properties  appear  in  the  eompouind,-^lax&  hydrochloric  acid  and  lime, 
which  in  a  separate  state  have  each  a  most  corrosive  taste,  lose  this  entirely  when 

•  To  prepare  nitrate  of  copper,  dissolve  the  filings  or  turnings  of  that  metal  in  a  mixture  of  one 
part  nitric  acid  and  three  parts  water ;  decant  the  liquor  when  it  has  ceased  to  emit  fiimes ;  and 
evaporate  it  to  drynew,  in  a  copper  or  earthen  dish.    The  dry  mass  must  be  kept  in  a  bottle. 
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mutnany  satunited ;  fhe  compoimd  is  extremely  soluble,  thongh  Hme  itoelf  is  Tery 
difteolt  of  solution ;  the  ftcid  no  longer  reddens  wymp  of  yiolets,  nor  does  the  Hme 
cliaiige  iiy  as  before,  to  green.  Th»  lesulting  compound,  also,  hydroelilorate  of  lime, 
exhibits  neiw  properties.  It  has  an  intcoEisdy  bitter  taste ;  is  susceptible  of  a  ciystollixed 
form ;  and  the  crystals,  when  mixed  with  snow  or  ice,  generate  a  degree  of  cold  suiS- 
oient  to  fiveze  quicksUyer. 

Xni.  8inf^  deetwe  affim^  illuttrated, — 1.  Add  to  the  combinartaon  of  oil  wift 
alkali,  formed  In  Sxperiment  X.,  a  little  diluted  sulphuric  Add.  The  udd  w^  seiae 
l&e  aOcaii,  and  set  the  oH  at  liberty,  which  wHl  rise  to  the  top.  In  this  mstanoe,  ^be 
affinity  of  alkali  for  acid  is  greater  than  that  of  alkali  for  <nt  2.  To  a  dihtte  solution 
of  hydrechlorate  of  lime  (prepared  in  Experiment  II.),  add  alitde  of  the  solution  of 
pure  potassa.  The  potassa  will  seize  the  hydrochloric  acid,  and  tiie  lime  will  ftill 
dowxi,  OT  he  preeipitttted. 

XEY.  In  aofne  imtanoeSj  in  comparing  the  €rflnitie8  of  fwe  bodies  Jbr  a  third,  a  noeaker 
(ijfinity,  in  one  of  the  two  compared,  iJoiU  be  found  to  be  eompeniattd  by  inereaeing  «fe 
qutrntity. — It  is  mot  easy  to  offer  clear  and  unequivocal  examples  of  13ns  law,  and  such 
as  the  student  may  sulnnit  to  the  test  of  experiment.  The  following,  howcrer,  may 
illuBtrate  6ie*propo8ition  sufficiently : — Mingle  together,  in  a  mortar^  one  part  of  chloride 
of  so^um  (common  salt)  with  half  a  part  of  red  oxide  of  lead  (Stharge,  or  red  lead),  and 
add  sufficient  water  to  fonn  a  thin  paste.  The  oxide  of  lead,  on  examining  the  mixture 
after  twenty-ibur  faoun,  wiH  be  found  not  to  have  detached  the  hydrochloric  acid  from 
the  soda ;  for  tho  strong  taste  of  that  alkali  IriU  not  be  apparent.  Increase  the  weight 
of  tho  oxide  of  lead  to  three  or  four  times  that  of  the  salt ;  and,  after  the  same  irfterral, 
the  mixture  will  exhibit,  by  its  taste,  marks  of  uncombined  Boda.  This  proTcs  that 
the  larger  quantity  of  the  oxide  of  lead  must  hare  detached  a  considerable  portion  of 
hydrochloric  acid  from  the  soda,  though  the  oiide  has  a  weaker  affinity  for  that  acid 
than  the  soda  possesses. 

Another  illustration  of  the  same  general  principle  has  been  8Uggc?sted  by  BerzeBus. 
It  is  necessary  to  premise,  that  the  colour  of  the  compound  of  sulphuric  acid  with 
oxide  of  copper  is  blue,  and  that  of  hydrochloric  acid  with  the  same  oxide,  green.  To  a 
saturated  solution  of  sulphate  of  copper  in  water,  add  by  degrees  concentrated  hydro- 
chloric add.  Brery  addition  will  tender  the  colour  of  the  liquid  more  distinctly  green, 
showing  an  increased  production  of  hydrochlorate  of  copper ;  the  oxide  of  copper  being 
diridod  between  the  sulphuric  and  hydrochloric  acids,  in  proportion  to  the  quantity  of 
each  acid  that  is  present  In  a  still  greater  number  of  cases,  however,  a  weaker  affinity, 
in  one  of  two  bodies  compared,  cannot  be  compensated  by  increasing  its  quantity.  No 
quantity  of  tartaric  acid,  for  example,  that  can  be  employed,  will  be  found  to  dislodge 
sulphuric  add  from  sulphate  of  lime. 

XV.  Double  elective  affinity  exemplified.— In  a  watery  solution  of  sulphate  of  zinc, 
immerse  a  thin  sheet  of  lead :  the  lead  will  remain  unaltered,  as  also  will  the  sulphate 
of  rinc,  because  zinc  attracts  sulphuric  add  more  strongly  than  lead.  But  let  a 
solution  of  acetate  of  lead  be  mixed  with  one  of  sulphate  of  zinc ;  the  l«ad  will  then  go 
oTer  to  the  sulphuric  acid,  while  the  zinc  passes  to  the  acetic.  The  sulphate  of  lead, 
being  insoluble,  will  fall  down  in  the  state  of  a  white  powder ;  but  the  acetate  of  ziac 
will  remata  in  solution. 
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COSACIWBT  QW  H^M  |HPO»BftABIiS  AUWS'm, 
Vh^Aett^  4«fgi«r9'ufifi@y  moMoA^  H|M)  1)^  eixi^xamk  aD4 i^««ti9«i^ *  apian 

^nso&umik^^  yet  ^gh  i^^wjM  ^^rv»fi  af  a  utesn^lor  Wa^ii^ff  tfageiil^  ^Mem^ 
fteii1oa4y  dtieopiuBeM.  .  TJJMMtd  ie  «  fH^njtmil  ieii^mc;^  |^  }eemn  4^^  nxpi^  «f  ^pt 
4«iiiM-N«  OQ»iuM»d  iend^ii^  (0  ^e;  BM«iifQl4  rwnl^  -to  t^  4^«r»^§9  ^  £9W^ 

Mfvem  fiMigfiatism  md  i^otiikity^  il  Jn  femt^:^  g^rm^M  t»  449#t  ^  p^^ 
finbtf  til  velecriog  l^$m  to  t^e  oeiiiimm  9f  tffi^lpii  ^  ^9  #eei\t  T^e  qiia}ogo«fi 
immifMllMJmti  of  heat  ind  light;  «sm  ren^r  fSfwi^diisLy  9iT>]i»f#k  ^  l)FP9t]^^^  tM 
liif 9^  tefiiliojw  five  iiaiQinkU  to  leodi^d  ope99tMi.  of  Hm  <fi«»0  prip^ipl^  i  nft^  ^ 
4iar«e2iti^Qil9,  ftilllfig  •»<}  »}2Q9f9U4;  f  i»l)|i«tixig  ^i9iir«en  hftat  And  Ij^  m  the  onp  J^aad, 

bf  fte^  4  j<ti»k)pg  «eiali<9A  b(»^^ 

philosophers  have  felt  themselves  justi^ed  In  «J99Wtifig«<faivekl»<3ik  tp  ^sipl  t)^i«Fe^ 

A^  ^^iiiclMui  of  MNbiUio^  eliQi»l^  at^xmiiim,  osd  gr«fJit»^Qli^  ^Srp^  it  a^m$  not 

Mftnadil}  Q^9i9p«ratiTii»«ai«R, 

Xdt^kt^^Wni »  yf^  m  ^  iPSiiurvMlic  Im^dn^Kwa^te  Qgenl^  nimU  ^  Iwp  di«titot 
iRfidt^if  itodyi.  Wt  i»i7  ftodj  it  in  awsium,  «ii4  i«  «c1$oiL  Th^ui,  tbts  «B«sii9e,  t^r  icondl-r 
Um  ^  Ug|it»  1^9i  bM»  raltd^slr  uppr^QMled  ^  ^^^m^nt  p|i^o«^\i^,  wmmt  mi 

b«tt«»aQic^il}oieii>m(B(^rlwBb»f»  Hilled;  Mimi^ps§.49im4dim^!4m^mmm^mA 
^  mMn.'m'^^f^*  'wlmh^  t)7iffipH»gi»f  ^  tb^  reti»ft  of  t^  ey^^^i^xi^  i»%^im» 
pression  qflmift^i^ ;  9^UN!9,  ««|.9il8fl(l;  ^^e  «|iijimt0,  fts  ft  ^i^e^^f  ^nMfsiaiwi  from  l^e  sf^ 
Uiq¥)  JWdjota^isiber «I)9M«  VeJii^Ti^,  witlb ^^m^ ^Siwtdd)  iiM^t i:VBy  a9K#i9^ of  a 
IMiep  oCflji^GtOb  AfWff^  Sucrli  4)P#  %m  <^^  of  ilwi  various  hypothecs  which  have  been 
«l(tertM»fld  H^  4o  t^t  jMkltir^  !^  lif bt,  Milif4  if  ^not  all  of  them/ti^volve  propositi<^s 
wkUkimj  bo  QtodMid  iriiji  Adviiliil^g^ ;  bu^  tji^  opinion  of  philosopliers  is  now  divided 
b0tw0OL^wy)-*^e  corftts«qiiir  or  i^inif^wry  th^erf,  and  the  undul^itory  or  ethereal. 

M  nftguMe  i<»  Itfltow  lifilt .  wsy  be  ftiJdIed  i^tth  reference  to  its  effects.  It  may  be 
oontettf^tfid  lA  a  wato  optieftl  a^ois^  listotNeiental  properties  of  reflection,  refirac- 
ttef  and  |»lwwajtMii,.-«4ti  dlbuto  ^m^awmuM  dhtmieal,—ii&  yelocity  of  transinission,— 
$ii  VOMy  bo  dilOTawd  Witlb^wt  seoMiarily  idf^ting  any  ^ypothepis  concerning  its 
Mienjse  or  nihpi)';  ottiip^^  tt  viH  bo  l»u»d  b^reafber,  the  adoption  of  an  hypothesis 
^aqiioniljr  fnthsa  iJieiso  pbendzpisyiiitiMm  ^asy  of  comprebension.  ^ere  was  formerly 
A  proimged  ilisenflfiiGii  on  tile  ^aeiitioQ,  w)kel9l«r  light  be  or  be  not  material.  This 
dtseoflsSon  him  for  tortui  tjine  boeA  ailov«d  to  tmiL  Very  little  consideration  suffices  to 
aadbe  Isftowv,  ilwt  tibe  appceeifitioii  of  the  t«m  natter  will  depend  upon  our  definition 
of  It ;  !iciu»,  iuieoisdins  as  'tibe  dffftpftw  be  ware  narrow  or  more  extended,  so  will 
liff^  be  xBgaidod  as  a  maierial,  or  a  iion^miteriai  agent.  Astronomical  investigations 
9bMb  ols  io  judge  wi£h  great  aceuracy  covtoming  tke  Teloeity  vitii'whieh  lighi 
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travels  through  spacer  being  about  192^000  miles  in  a  second  of  time — ^a  rapidity 
wMch)  altbough  mconceiyable  to  our  comprebensioii,  is,  noYerthelesH)  exceeded  by 
the  velocity  of  electricity  passing  through  a  copper  wire. 

The  astronomical  data  on  which  the  velocity  of  light  is  calculated  ale  of  two 
lands ;  the  first  being  famished  by  observations  on  the  eclipses  of  Jupitei^s  satellites, 
the  second  by  observations  on  the  aberration  of  light.  The  eclipses '6f  Jupiter's 
satellites  furnish  the  information  required,  as  follows  :— The  time  when  each  particular 
eclipse  occurs  is  accurately  known  by  astronomical  investigation ;  the  time  when  buch 
an  eclipse  is  seen  to  occur  is  a  matter  of  observation.  Now,  the  diameter  of  the  earth's 
orbit  being  190,000,00G  miles,  it  is  evident  that  our  planet  is  at  one  time  190,000,000 
mEes  nearer  to  Jupiter  than  at  another ;  hence,  the  visual  announcement  of  an  eclipse 
of  one  of  Jupiter's  satellites  must,  at  one  period  of  the  earth's  revolution — t .«.,  when  the 
earth  is  farthest  removed— pass  through  a  space  190,000,000  miles  greater  than  when 
the  earth  is  nearest.  Now  the  time  light  occupies  in  passing  through  this  length  of  space 
— t.  e.,  190,000,000  miles  (being  the  length  of  the  earth's  diameter) — ^is  about  16  minutes 
26  seconds ;  which  gives  for  the  velocity  of  the  passage  of  light,  about  192,000  miles  per 
second.  This  degree  of  velocity  accords  very  nearly  with  that  deducible  from  the  phe- 
nomenon of  the  aberration  of  light,  which  may  be  thus  explained : — Luminous  objects 
are  rendered  visible  to  us  by  means  of  light  proceeding  from  them,  and  acting  in  straight 
lines ;  and  the  position  in  space  which  luminous  bodies  appear  to  occupy,  is  determined 
by  the  direction  of  these  lines  or  rays  of  light. 

As  regards  celestial  luminous  objects,  our  position  is  continually  altering  wif^li 
relation  to  them;  partly,  on  account  of  their  own  motion,  but  more  especially  on 
account  of  the  progressive  movement  of  the  earth  in  its  orbit.  Now,  if  light  were 
difl^ed  through  space,  from  any  celestial  luminous  point  to  the  eye,  without  occupying 
time,  then  it  follows  we  should  see  celestial  objects  in  their  real  positions  for  any 
given  time.  We  do  not,  however,  see  them  in  their  real  positions,  but  in  positions 
occupied  by  them  at  certain  anterior  periods,  proportionate  to  the  time  which  light 
had  occupied  in  travelling  from  them  to  the  sentient  eye.  Hence,  knowing  the  real 
position  af  a  heavenly  body  at  any  particular  period,  and  the  space  the  observer  travds 
over  in  the  same  time,  we  have  elements  for  calculating  the  velocity  of  Hght. 

For  instance,  in  the  accompanying  diagram  let  /  be  a  lumious  body  in  space,  aoyod 

portions  of  the  earth's  orbit  travelled  over  by  the 
observer  in  some  equal  time,  a  second  for  example. 
Let  lUylOfld  indicate  the  direction  of  luminous 
rays.  It  will  now  follow  tiiat  if  light  occupy  no 
time  in  travelling,  the  luminous  object  /  will 
always  be  seen  in  its  true  position  for  each  time 
of  observation,  notwithstanding  any  progressivd 
motion  of  the  observer.  Tf^  on  the  contrary,  light 
occupy  time  in  travelling,  then  it  will  follow  that 
the  observer's  eye,  moving  in  the  direction  of  a  d, 
will  never  see  the  luminous  body  3,  by  virtue  of 
.  .  the  luminosity  emanating  at  the  period  of  obser- 
o^  vation ;  but  by  virtue  of  luminosity  which  eman- 
ated at  some  antecedent  period,  and  the  direction 
or  angular  position  in  space  of  luminotxs  objects 
is  indicated  by  luminous  rays,  it  follows  that  I  can  never  be  seen  by  an  observer 
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in  motion  in  its  true  position.  When  the  observer's  eye  is  at  a,  2  will  Xiot  appear 
in  its  real  position — ««  e,  a  position  indicated  by  the  direction  line  I  a — but  in  some 
antecedent  position  not  represented  in  the  diagram.  When  the  observer  had  arrived 
at  0,  'the  apparent  position  of  /  would  not  be  indicated  by  the  direction  line  lo^ 
but  in  one  corresponding  with,  t.  $,  parallel  to  /  a%  and  indicated  by  the  dotted 
line  op^  Now,  the  distance  of  'a  luminous  object  being  known,  also  its  real  position 
and  its  apparent  position,  we  have  the  elements  furnished  for  calcidating  the  velocity 
of  light 

In  discussing  the  ordinary  optical  properties  of  light,  I  shall  commence  with  the 
enunciation  of  a  few  primary  laws. 

DefimiUm,  A  ray  of  li^ht  is  a  rectilinear  agency  of  the  luminoue  essence  for  any  given 
transparent  medium — ^This  definition  is  equivalent  with  the  ordinary  expression  that 
light  travek  in  straight  lines,  to  the  extent  that  the  expression  itself  is  correct. 
Without  a  limitation,  however,  as  introduced  in  the  definition,  the  common  expression 
is  incorrect ;  the  property  of  travelling  or  acting  in  straight  lines  existing  only  for  an 
unf^TiRTigiTig  transparent  medium. 

Law  1. — ^The  intensity  of  light  varies  in  an  inverse  ratio  to  the  square  of  the  distance. 


Z^ — ■ ^^^S 

3 


That  is  to  say,  if  the  numbers  12  3  4  represent  four  distances  from  a  luminous 
object,  then  the  intensity  of  light  at  2  will  only  be  ^th  its  intensity  at  1 ;  at  3,  ^th ; 
and  at  4,  V'^th.  This  can  be  readily  illustrated  in  the  following  manner.  Let  a 
represent  a  luminous  body,  I  an  opaque  screen,  having  determinate  square  dimensions— 
for  instance,  one  foot— 2  3  4  other  opaque  screens,  having  respectively  the  dimensions 
of  4,  9,  and  16  feet ;  then  at  1,  the  one-foot  screen  wiU  intercept  all  the  light  at  2,  the 
four-feet  square ;  and  so  on  for  the  rest. 

Law  2.~A  ray  of  incident  light  being  reflected  from  any  polished  surface,  the 
incident  and  reflected  rays  are  in  the  same  plane.    Thus,  let  mip 
represent  a  reflective  plane,  d  an  incident  ray,  n  a  reflected  ray,      ^\^ 
and  %  the  point  of  impact ;  then  the  rays  d  and  n  lie  in  the  \ 

same  plane ;  or,  so  far  as  the  annexed  diagram  is  concerned,  in 
the  plane  of  this  paper. 

Law  3. — ^A  reflected  ray  of  light  makes  equal  angles  with  the 
incident  ray.  Thus,  in  the  preceding  diagram,  where  d  i  represents 
the  incident  ray,  impinging  at  i  and  reflected  at  ^  the  ray  d  i 
makes  an  angle  with  a  line  b  t,  perpendicular  to  the  reflecting  plane  m  ipy  equal  to  the 
one  made  by  the  reflected  ray  %  n. 

Law  4« — ^When  a  ray  of  light  passes  from  one  transparent  medium  into  another  of 
greater  density,  it  is  refracted  in  a  direction  towards  a  perpendicular  to  the  plane  of 
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tile  Infracting  surface ;  \riie&  from  a  troiispaifait  medium  of  greater  into  oaie  of  leaser 
detLsity^  it  is  refracted  from  the'perpendkular  to  the  plaaa  of 
the  tefracting  surface* 

Thus,  let  the  upper  dotted  reotanguki'  speee  itand  for  ft 
refr&ctite  medium  of  atsidspherio  air,  the  lower  dotted  a<ca 
for  the  same,  and  the  middle  rectaaagle  fbr  a  traniptrent 
rofractiye  medium,  such  as  glass»  Let  r  stand  for  a  ray  of 
light,  taking  the  direction  oi  r  %  <f  r'.  On  inspection,  it  Will 
he  found  that  on  entering  the  glass  the  ray  henda  towards  the 
perpendicular  p,  hecause  glass  is  th«  denser  mediujiu  On 
___.L_-.„rv.s!  leaving  it>  it  bends  fromy  and  resutoes  its  original  cotutie,— 
in  this  manner  exempBfying  the  krr. 

It  is  owing  to  the  law  of  refrnction  just  enunciated,  thut  an  ohjeot  to  plaeed  in  9A 
empty  basin  as  to  be  mvisibije  to  an  obserrer,  on 
aocouHt  of  the  yisual  ray  from  it  being  inter* 
cepted  by  the  rim,  can  be  rendered  visible  by 
filling  iihe  basin  with  water.  The  rationale  of 
this  will  be  made  evident  by  the  annexed  diagram. 
The  object  is  supposed  to  be  a  boy's  marble,  and 
it  would  be  invisible  by  a  ray  passing  in  the 
direction  of  E  K,  although  visible  by  the  same  ray 
if  bent  in  the  direction  of  0,  as  would  be  the  case 
if  water  were  poured  into  the  basin, 

For  the  same  reason  it  is  that  we  never  sce^  the  heavenly  bodies  in  their  true 
position,  even  after  the  slight  deviation  referable  to  the  aberration  of  light,  and,  in 
certain  cases,  to  parallax,  has  been  allowed  for.  The  atmosphere,  far  from  being  homo- 
geneous, continually  increases  in  rarity,  as  its  elevation  increases.  Hence,  the  upper 
regions  of  the  atmosphere  are  far  more  attenuated  than  the  lower  regions ;  an  attenu- 
atloii  irhich,  although  infinitesimaUy  gradual,  miiy,  tievertheless,  for  the  purpose  of 
investigation,  be  contemplated  in  the  sense  of  diminishing  by  iticeesdivfe  tones>  each 
of  uniform  density  fbr  itself. 

In  the  dia^am,  thre6  of  these  imaginary  atittoApheric  ttttbs  ate  repttettltfd  by 
dbtted  lines,  and  r  r'  is  the  bent  or  refracted 
wBok  d  tajF  of  light,  r,  is  mtide  to  take,  in 


^r^' 


'  / 


.y 


quence  of  tlie  law  just  enunciated.    On  arri" 

the  outside  zone  it  is  refracted  a  little ;  the  second         \  *''*^-.. 

zone,  beiag  demser,  refracts  it  still  more ;  and  the  third,  ^  "**  ^  ^ . 

denser  yet,  effects  a  third  and  final  arfotmt  ot  refractioH-^maldng  the  lummolis  body,  S, 

visible  to  an  observe  at  t' ;  -where,  had  it  not  beal  icK  the  i^efrftCtiTe  atttosphete,  it 

would  have  been  invisible. 

A  more  common  illtstratiott  of  th6  ^fraction  of  light  uneqtndly,  by  an  «em(Mj)liere 
6f  unequal  densities,  is  atfoi'ded  by  lookfngr  at  a  glowing  piecfe  of  motal,  tt  a  brfcb* 
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kita  iBMtion,  or  the  .em:tli'ft  soi^a^e  in  a  hot  Aummer  day.  In  c(m8equ^Qice  of  those 
portions  of  the  atmosphere  immediately  surrounding  these  hotohjectfi  being  razi&ed^  and 
consequently  diminished  as  to  density,  their  refractive  power  for  rays  of  light  is  dimi- 
nished also,  and  bodies  viewed  through  them  are  not  seen  in  their  true  places.  They 
appear^  moieover,  to  be  tremulous,  because  the  hot  eurrenta  of  air  rise,  and  cold  ones 
take  iheur  i^oe^  thiu  fiirroshing  a  mediwsi  of  continually  vazying  le&aotlve  poire^. 

The  theory  of  lenses  directly  follows  from  the,  operation  of  the  preceding  Jaw,  as 
will  be  recognised  after  inspecting  tbo  following  dis^am.  The  lumpiest  mo^  of 
seedng  deuiy  the  rationale  of  a  Ions  cODfliits  in  regarding  it,  firstly,  as  having  ita 
cnnres  made  up  6f  a*  xoany  small  tangent  planes  as  there  are  rays  of  light  from  a 
hmnnocus  body, — that  is  to  say,  an  infinite  number  of  such  planes;  seoondly,  in 
regarding  these  planes  to  be  reducedy  for  the  sake  of  easy  comprehension,  to  a  small 
nnsnber.  In  this  diagram^  the  plano- 
convex lens  A,  has  been  xeduoed  in 
B  to  a  oonventional  form,  for  the  j 
lake  of  ezcsttpUfication,  «  ^^  repre- 
aoikt  three  parallel  rays  of  ligiit,  eaeh 
fedliiig  on  its  own  plane,  going 
through  the  lena,  and  finally  oo&- 
Tsrging  on  the  locus  d.  0»  observing  the  directive  tendenoy  of  these  rsLys,  with 
refeceoce  to  the  perpendiculars,  ee.pp^  it  will  be  seen  that  the  law  is  satisfied,  and  thiit 
the  natural  result  of  thus  sfKtif  fymg  the  law  is  the  eonvetrgence  of  th«  raya  ab  c  into 
a  focus.    Wliatever  be  the  form  of  a  lens,  the  same  hew  holds  good. 

Although  the  mutually  variable  density  of  a  series  of  bodies  is  one  oauee  of  varia- 
tion in  their  respective  amounts  of  re&aefiTe  power,  yet  it  is  by  no  means  the  cmly 
causes  CreoeraUy,  if  not  always,  the  oottibaatibLe  teisdency  of  a  body  bea»  &  direct 
X9i!»  to  its  refractive  power*  Thva,  l^mg  befiire  the  real  notuie  of  the  diamond  was 
BiMpected,  Sir  laaao  Kowton  ad^nuoioed.  liie  Ji^oliiaBis-  tha4  itrtul^  bo  an  izfidiLous 
substance  eoagulaied,  ibaving  been  led  to  adopt  this  opinion  in  oonaequenGe  of  th« 
diamond's  powerfully  xefiraotiva  tendaooy.  8-ibioe  the  time  of  Kewto%  his  ides^  as 
espeoislly  relating  to  tfaj»  diamond,  haa  been  generalized,  and  ia  fouiid  to  hold  good 
without  a  knowA  eesoeptioii. 

Hydrogen,  sho^orusy  dsamoad,  bees-wax,  amber,  oil  of  fozpent^a,  eKtixybott 
Unseed  oil,  and  olive  oil,  &o.,  have  vefiacl&vaindicea^  from  two  to  aayiea  tiPMa  greaibef 
in  oompariaon  with  their  ddxnity  than  most  oCher  snbftanees. .  At  one  tiaie  tbir  law 
failed  to  embrace  the  substance  phosphorus,  whixsbwaf  described  by  Dr^  Wolbwton  as 
having  a  low  refi:active  power.  Sir  David  Brewster  has  since  ddmosairated  fhaf ,  in 
relation  to  its*  density,  phosphors  has  a  refraqtiye  power  twite  that  of  hydrQgfSli 

The  refractive  indices  of  a  s«ies  of  bodies  are  the  ratiai  of  the  cinM  of  their 
respective  incident  and  refractive  an^^.' This  ratio,  it  will  be  ohflsrved^  iaooittpowided 
of  &e  re&aetive  power  due  to  a  stzbstance  by  virtue  of  its  denaiiy,.  a&d  by  viltue.of 
another  quality.  '  Thus, 

Let  N  =  the  Refractive  index,  or  refractive  power,  of  any  Bidtatanoe, 

R  =  the  portion  of  refractive  power  in  wieh  substance  proportionate  to  the 

function  of  density,  i 

R'  =  the  'portion  of  refractive  power  in  such  substanDs  proptetienate  t6  the 
frmction  of  another  quality, 

XhettSTmsEx  K** 
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But  it  is  evident  that  in  any  series  of  lefractiTe  sabstances  the  mutual  ratio  of  the  E' 
in  such  series  may  be  eliminated,  for 

^'  =  R- 
That  is  to  say,  in  any  series  of  refractiTe  bodies,  the  ratio  of  refractive  power  not  due 
to  density,  may  be  obtained  by  dividing  the  number  expressing  the  refractive  index  of 
each  member  by  its  specific  gravity. 

Accordingly  this  has  been  done  la  a  great  number  of  instances,  and  with  the  object 
of  showing  that  the  unknown  cause  of  refraction  spoken  of  above  as  acting  in  addition 
to  the  cause  of  density  may  be  the  inflammability  of  a  body,  understanding  in  this  sense 
its  tendency  to  combine  with  oxygen  or  other  electro-negative  element,— in  other 
words,  the  electro-positive  quality  of  the  refractive  substance. 

Jjaw  6. — The  sine  of  the  angle  of  incidence  and  that  of  the  angle  of  refraction  bear 
a  constant  ratio  for  every  refractive  body  of  homogeneous  density. 

Ghroinatics. — Hitherto  light  has  been  considered  without  reference  to  colour ; 
the  study  of  this  branch  of  the  subject  constitutes  the  science  of  Chromatics,  If  a 
beam  of  white  light  be  made  to  impinge  on  a  triangular  prism  of  refracting  substance, 
colour  is  produced,  owing  to  [the  decomposition  of  white  light  into  its  components ; 
from  which  circumstance  the  deduction  may  be  arrived  at  that  white  light  is  a  com- 
pound of  certain  coloured  lights,  each  possessing  a  given  rate  of  refrangibility.  Sir 
Isaac  Newton  regarded  the  coloured  rays  into  which  white  light  might  thus  be  split  as 
seven,  as  thus  arranged,  in  the  order  or  degree  of  their  refrangibility : — 

1.  Red  3.  YeUow  6.  Blue  7.  Violet 

2.  Orange  4.  Green  6.  Indigo 

and,  indeed,  no  simpler  decomposition  can  be  effected  by  means  of  the  unaided  trian- 
gular prism.  It  is,  however,  now  well  established  that  the  number  of  primitive  colours  in 
the  triangular  prismatic  spectrum  is  not  seven,  but  three — ^namely,  red,  yellow,  and  blue. 

Spheilcal  and  Ghromatic  Abenation. — Convex  lenses,  which  are  segments 
of  spheres,  such  as  the  lens  No.  1,  and  those  concave  lenses,  which  may  be  described  as 
planes  from  which  spherical  segments  have  been  excavated,  may  be  termed  spherical 
lenses.  Such  lenses  possess  the  defect  of  scattering  certain  rays  even  of  mono- 
chromatic light  from  the  true  theoretical  focus,  and  producing  an  indistinct  image. 
This  defect  is  termed  spherical  aberration.  It  takes  place  altogether  near  the  edges  of 
such  lenses,  and  may,  therefore,  be  obviated  by  means  of  a  curtain,  or  stop,  similar  in 
its  nature  to  the  iris  of  the  eye,  with  its  central  pupil,  although  at  the  expense  of  a 
certain  amount  of  illuminative  power. 

In^Ko.  1  this  spherical 
aberration  is  represented. 
The  greaternumber  of  rays 
fall,  as  they  ought  to  do,  on 
the  theoretical  focus  a; 
but  a  few  wander  from  that 
point  to  b,  and  constitute 
spherical  aberration.  It 
will  be  evident  that  a 
diaphragm,  or  stop,  with  a 
central  orifice,  as  repre- 


S6.  2. 


sented  in  section  by  d,  will  have  the  effect  of  cutting  off  these  wandering  rays. 
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Tlie  ratiooale  of  the  peculiar  effect  which  the  edges  of  spherical  lenses  hare  in 
developing  spherical  ahexration,  is  too  purely  optical  in  its  character  for  discussion  in 
this  place, 

Descartes  applied  himself  to  the  task  of  obviating,  spherical  aberration  by  varying 
the  form  of  lenses  from  sections  of  spheres  to  sections  of  certain  ovals,  which,  from  the 
name  of  Pescartes,  are  termed  the  Cartesian  ovals.  *He  thus  succeeded  in  obviating  the 
defect  for  any  one  kind  of  homogeneous  light.  In  his  time  the  circumstance  of  the 
compound  nature  of  white  light  was  not  known.  Further  experience  demonstrated 
that  each  colour  of  light  possessed  its  own  refractive  power ;  consequently  it  followed 
that  no  lens,  however  varied  as  to  shape,  could  be  free  from  spherical  aberration  as 
regards  white  or  compound  Ught ;  or,  mioie  properly  speaking,  what  would  have  been 
mere  spherical  aberration  with  a  common  spherical  lens,  became  chromatic  aberration 
with  a  lens  formed  on  the  basis  of  a  Cartesian  oval. 

dnomatic  Abenation. — Spherical  aberration,  we  have  seen,  may  take  place 
when  mono-chromatic  light  is  employed ;  but  chromatic  aberration  necessarily  pre* 
supposes  the  employment  of  compound  or  white  light,  and  is  developed  like  mere 
spherical  aberration  by  the  effect  of  the  edges  of  spherical  lenses  on  light  passing 
through  them. 

The  rationale  of  this  agency  will  be  easily  understood  on  reflecting  that  the  edges 
of  a  lens  approach  to  the  character  of  a  triangular  prism,  the  two  sides  of 
which  adjacent  to  the  edge  have  been  bent  into  curvilinear  forms.  The  fact, 
moreover,  will  .be  anticipated,  that  this  kind  of  aberration  maybe  greatly  obviated 
by  means  of  a  curtain,  iris,  or  stop.  Nevertheless,  it  is  not  possible  by  this  means 
alone  to  render  optical  instruments  achromatic;  and  had  the  optician  no  better 
method  of  obviating  the  defect  than  by  a  stop,  refracting  telescopes  must  have 
remained  in  the  imperfect  condition  of  ike  time  of  Sir  Isaac  Newton ;  displaying 
white  objects  not  in  their  true  colour,  but  surrounded  with  an  iris-like  fringe*  Newton 
proclaimed  the  idea  of  making  achromatic  refracting  telescopes  to  be  hopeless  ;  nerer- 
theiess,  it  has,  been  fulfilled  by  a  means  no  less  simple  than  beautiful-^the  oompoond 
lens,  the  principle  of  which  is  as  follows :— • 

Different  kinds  of  glass  possess  different  refractive  powers  for  the  same  colour  of 
Hght.  Thus,  if  a  glass  which  may  be.  endowed  with  the  property  of  refracting  yellow 
and  red  light  by  one  degree  more  than  blue,  be  combined  with  another  which  has  the 
exactly  opposite  property  of  refracting  blue  by  one  degree  more  than  yellow  and  red, 
then  it  should  theoretically  follow  that  the  resulting  action  of  two  such  glasses  should 
be  a  perfect  compensation.  This  indeed  is  found  practically  to  be  the  case.  Perfectly 
achromatic  lenses  are  now  formed  of  compound  glasses  placed  in  apposition ;  and  the 
<  achromatic  telescope  spoken  of  by  the  illustrious  Newton  so  despondingly  is  now 
amongst  the  best  known  and  most  common  of  optical  instruments. 

Before  quitting  the  subject  of  spherical  and  chromatic  aberration,  it  is  worth  while 
to  reflect  on  the  exceeding  care  which  nature  has  taken  against  the  occurrence  of  this 
defect  in  the  eye  of  man  and  the  higher  animals.  The  provision  of  the  iris,  with  its 
central  orifice,  or  pupil,  must  strike  even  the  most  careless  observer  as  being  precisely 
analogous  in  its  nature  and  functions  to  the  stop  or  diaphragm  of  an  optical  instrument ; 
possessing,  however,  the  beautiful  means  of  adjustment  which  the  optical  instrument 
has  not,  tiie  power  of  enlarging  or  contracting  its  central  aperture  to  regulate  the 
amount  of  light,  admitted.  The  function  of  the  iris  and  pupil  is  evident ;  but  there  are 
other  provisuma  against  spherical  and  chromatic  aberration  which  require  dissection  to   . 
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tmfold.  Not  only  is  there  a  stop  for  the  purpose  of  cutting  off  wandering  rays,  but 
the  cornea,  the  crystalline  lens,  and  the  yitteous  humour,  are  none  of  fkem  spherical 
lenses.  They  are  formed  on  the  basis  of  ovals,  in  order  that  they  may  be  more  effisctoal 
in  obviating  spherical  aberration.  Kor  is  this  all  the  refractive  power,  for  one  kind  of 
li^ht  is  different  in  every  one  of  the  transparent  lenses  and  fanmonis  of  the  eye. 
Nature  herself  has  set  the  example  of  oompotmd  achromatic  lenses,  so  plainly^  so 
unequivocally,  that  had  the  iHostrions  man  -who  looked  so  despondingly  on  refbKstin^ 
telescopes  been  an  anatomist  he  could  wsareelyhave  failed  to  discover  the  seciet  of 
eoraponnd  achromatic  lenses. 

DotiMe  3ft6firaotioi&.— The  laws  of  ordinary  or  single  refiraotioa  hxre  akeady 
been  enunciated ;  .but  there  is  also  a  class  of  phenomena  termed  double  refraetion, 
which  I  shall  now  discuss. 

The  term  double  refraction  sufficiently  indicates  its  nature.  Any  object  seen  ihrong^ 
a  doubly  refracting  body  in  the  proper  direction  appears  double }  tiie  ray  of  ligfat  being 
split  into  two,  of  which  one  takes  the  ordinary  course,  or  very  nearly,  and  is  therefore 
termed  the  ordinary  ray,  whilst  the  other  experiences  a  very  remarkable  divtergenee,- 
not  only  altering  its  angle  but  its  plane  of  tra&gmission, — and  ttasa  derives  ihi&  name  of 
extraordinary  ray. 

The  subjects  of  double  refraction  and  p4dari2ation  (for  ^ey  are  intimately  united) 
are  amongst  those  whicfa^  although  remarkably  easy  in  themselves,  A|^acr  d^ult  in 
books,  chiefly  on  account  of  the  difficulty  experienced  in  representing  on  a  fiat  pafper 
surface,  by  means  of  diagrams,  actions  which  occur  in  two  planes  at  right  angles  to 
each  other*  This,  indeed,  is  the  only  difficulty  attendant  on  the  study  of  double 
re^^tion  and  polarization^  so  far  as  all  the  ntore  common  phenomena  axe  con- 
cerned. 

I  Perhaps  the  best  medimn  for  imprmting  first  ideas  of  the  nature  of  double  refraction 
is  a  rhombohedr^  crystal  of  Iceland  spar.  If  suoh  a  crystal  be  tak«n,  and  any  visible 
point  viewed  through  it,  the  image  will  be  reduplicated — ^provided  the  crystal  be  held 
in  aU  portions  but  on« ;  which,  accordingly,  is  termed  the  optic  axis  of  the  crystal, 
also  (curiously  enough)  the  axis  of  double  refrneiion.  It  does  seem  extraordinary  that 
the  term  "  axis  of  double  refraction"  should  have  been  adopted  to  define  the  linear  direc- 
tion in  which  no  double  infraction  takes  place.  The  term,  however,  has  acquired 
the  authority  of  usage. 

If  the  crystal  of  Iceland  spar  be  held  in  such  a  direcftion  that  tiie  two  images  of  an 
object  viewed  through  it  appear,  and  if  the  crystal  be  caused  to  rotate,  then,  the  image 
resulting  from  the  extraordinary  ray  will  revolve  in  a  circle,  whilst  the  ioMtge  of  the 
ordinary  ray  remains  fixed.  By  vuryxog  the  axis  xd  the  visual 
ray,  these  two  images  may  be  made  to  assume  various  diatanocs  * 
with  regatd  to  each  otber-H^tances  mwging  into  perfect  exm.* 
cid«nce  when  the  visual  ray  corresponds  with  die  optic  axis  of  the 
crystal,  and  attaining  the  farthest  limit,  of  di-vezgence  when  thai 
visual  ray  Is  at  right  angles  to  the  same. 

The  next  experiment  which  may  be  perfbrmed  is  as  ibllovs  ;~* 
Let  a  dice  of  tourmaline,  eut  parallel  to  the  crystal^  long  axis,  be  takai,  add  for  oon« 
venience  mounted,  by  means  of  a  little  sealing-wax,  on  a  perforated  slice  of  oork,  ia' 
such  a  manner  that  it  may  be  rotated  before  the  eye.  Next  set  a  rhomb  of  loetbnd 
spar  flat  tipon  a  piece  of  paper,  on  which  is  msurked  a  single-  dot  at  0.  The  dot  will 
be  rediaplieated  (0  £),  as  represented  in  the  following  diagrEmu    If  now,  tiie  crystal 
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than  oar  fifst  notionB  aa  to  the  nature  of  polarized  light  beoome  yery 
imdi  extended.  The  reasom  will  be  now  apparent  wtf  only  one 
ohjeet  produced  hy  a  doublf  refracting  body  oan  be  eeen  in  per- 
ftottOQ  in.  two  poflitione  of  lotatieay  and  wky  eaob 
object  alternately  disappears.  £ay  No.  1  wouM  oily 
permeate  the  tourmaline,  as  represented  in  diagram  (1), 
■6  longnaibi  plane  inight  ooBnqmnd  with  tin  direction 
Ko»  1^  of  die  slitolike  orifioes» 

All  tiie  phenoanena  of  polariaed  light  hamMmis^  wiili  the  general  idea  of  its  poi- 
sides;  an  idea  which  was  pnpotmded  by  Kewton;  but  beingso  extraordinary, 
was  laid  aside  until  Mains,  In  tiie  year  1810,  again  diew  attentioa  to  the  subject 

'BafeBring  to  the  eoEperiniettt  just  eited  of  the  spar  and  tiie  tourmaline,  it  reqfiiires 
now  to  be  indioated  thai  tofcmnaiine  is  a  donbly  refiractiTe  snbatanoe,  yrhiA.  aooom- 
l^ishea  sncii  a  diveigence  of  the  rayi  that  one  is  tiimed  aside  or  lost.  A  plate  of  this 
kitiAinJy  adnritn  of  the  passage  of  rays  in  enepbmf> 

AlldM  light  whioh  passes  thnmgh  a  plane  of  toiomaliBe  is  polarized,  as  may  be 


Ho.  2. 
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rendered  evident  by  the  following  simple  experiment : — ^Haying  proTided  two  plates  of 
tourmaline,  each  mounted  similarly  on  cork,  for  conyenience  of  manipulation,  let  any 
luminous  bo^y,  such  as  a  candle,  be  viewed  through  one  plate,  the  tourmaline  being 
caused  to  revolve  until  a  complete  circle  shall  have  been  described*  ^  Next  repeat  the 
experiment,  using  two  plates  of  tourmaline,  laid  flat  together, 
instead  of  one.  Provided  the  long  axes  of  the  tourmaline  plates 
are  coincident,  both  may  be  revolved ;  and  the  object  will,  in  all 
JSm^ — ™ — IW  P^**^"  ^^  revolution  of  the  planes,  appear  evident  as  before. 
^P  'Ifm    ;^o  sooner  are  they'placed  at  right  angles  to  each  other,  however, 

L  III  ^'^^  ^  ^®  ^^^*  ^  completely  intercepted.  When  two  polarizing 

lilli  I  agents,  such  as  these  tourmaline  planes,  are  employed  in  con- 

WF  junction,  whether  in  contact  with  each  other,  or  some  distance 

'  removed,  the  one  nearest  the  eye  is  termed  the  analyzing,  and 

the  one  nearest  the  object  the  polarizing  plane.  These  terms  will  be  employed  here- 
after in  reference  to  another  phenomenon.  By  means  of  a  plane  of  tourmaline  used  as 
an  analyzing  plane,  it  follows  that  the  existence  of  polarized  light  may  be  discovered ; 
accordingly,  it  will  presently  be  assumed  to  be  employed  as  a  means  of  proving  the 
existence  of  polarized  light  arising  from  another  cause. 

Double  refraction,  I  haye  already  remarked,  is  not  the  only  means  of  effecting 
the  polarization  of  light,— reflection  being  also  a  very  usual  cause.  There  is  a  certain 
angle  at  which  probably  every  reflective  surface  accomplishes  the  polarization  of  light. 
For  plate  glass,  covered  on  one  side  with  a  black  pigment,  this  angle  is  57°,  and  placed 
at  this  angle  it  may  be  used  as  a  means  of  effecting  polarization.  The  reflected  light 
may  be  kaown  to  be  polarized,  either  by  an  analyzing  plate  of  tourmaline,  or  by 
another  plate  of  blackened  ^lass  held  at  the  polarizing  angle,  at  which  an  imaged  if 
produced  by  polarized  light,  will  become  invisible. 

Intezfevence  of  PolazlBed  Iiiglit.^This  term,  although  involving  an  explana- 
tion which  wiU  be  for  some  time  postponed,  must  be  here  mentioned  as  a  means  of 
designating  certain  brilliant  chromatic  effects,  not  less  beautiful  in  themselves  than 
useful,  as  acquainting  us  [with  the  molecular  constitution  of  many  bodies.  Polarized 
light,  therefore,  becomes  an  agent  of  refined  chemical  analysis. 

If  the  two  tourmaline  plates  be  taken  as  before,  and  held  face  to  fSEU^e—that  is  to 
say,  in  the  same  plane,  but  at  right  angles  to  each  other — a  ray  of  light  will  be  com- 
pletely intercepted ;  but  if,  whilst  in  this  virtually  opaque  condition,  a  thin  layer  of 
mica  be  thrust  between  them,  light  will  be  transmitted— no  longer  white  light,  but 
coloured ;  and  on  causing  the  analyzing  plate  to  revolve,  these  colours  will  go  through 
all  the  planes  of  the  prismatic  spectrum,  except  one  spot  in  the  middle,  which  will 
alternate  between  white  and  black* 

On  attentiyely  reflecting  on  the  bearings  of  this  experiment,  it  is  evident  that  the 
interposition  of  the  mica  must  have  depolarized  the  ray,  or,  more  correctly  speaking, 
must  have  caused  the  one  plane  polarized  ray  to  assume  the  direction  of  two  planes, 
being  in  this  respect  like  common  light,  but  differing  from  it  in  the  remarkable  drcum* 
stance,  that  when  viewed  by  an  analyzing  medium,  it  evidences  colour. 

Before  leaving  this  part  of  the  subject,  it  is  necessary  to  observe  that  mica  is  a 
doubly  refracting  subfltance,  belonging  to  a  crystallographic  system,  characteiized 
by  having  two  optic  axes,  or  lineal  directions,  through  which  a  ray  of  light  can  pass 
without  double  refraction.  Only  doubly  refractive  bodies  yield  these  beautiful 
phenomena  of  colour  when  treated  similarly  to  mica  in  the  preceding  experiments ; 
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hence  these  colotired  rings  indicate  the  existence  of  doable  refraction  under  circum- 
stances in  which  more  direct  observation  could  not  be  applied* 

Nor  is  this  the  only  amount  of  information  yielded.  The  spots  of  alternate  .white 
and  black  which  crystelline  slices  manifest  when  thus  treated,  are  indicative  each  of 
an  optic  axis,  or  line  of  no  double  refraction ;  hence  the  crystalline  system  to  which  a 
substance  belongs  may,  by  this  means,  be  determined  within  very  narrow  limits.  If 
such  a  slice  do  not  produce  this  image  under  the  circumstances  mentioned,  it  does  not 
doubly  refract.  11  it  does  not  doubly' refract,  it  does  not  belong  to  the  tessular 
system.  If  it  have  only  one  optic  axis,  it  either  belongs  to  the  rhombohedral  or  right 
square  prismatic  systems.  If  it  have  two  optic  axes  it  belongs  to  one  of  the  remaining 
isystemS)  as  the  subjoined  table  will  render  manifest.    Before  the  theory  of  inter- 

TABtTLAB  VIEW  OP  THE  CONNEXION"  SUBSISTING  BETWEEN  CBTSTALLINB  FOBIC 
AND  OPTICAL  PBOPEBTIES. 


Primary  diyiaion 

-with  reference  to 

Bynunetiy. 

Syrtemsor 
groups  of  Mohs. 

Systems  or  Groups 
of  Weiss. 

axes. 

Optic  axes, 
(syn.)  axis  of  dou- 
ble refi[%tction. 

Cry«tal8    haying    8 

rectangalar  equal 

axef 

3  axes. 

3  optic  axes. 

Uo  not  beeome  elec- 
trical by  heaU 

1  T«flsular* 

Regular(8yn.)cubic 

all  rectangu- 
lar,   ^ 

Do  not  doubly  re- 
fract   in    any 

Do  not  expand  nne- 

all  equal. 

position. 

qnaUybyheat. 

Bo  act  doubly  re- 

4  axes, 

fract. 

i 

1  rectangular 

/Bhombohedrio. 

Rhombohedral. 

1 

(unequal), 

3  intersecting 

at  eOP  equal. 

1  optic  axis. 
Double      refrac- 

CryitsOa  not  haying 
8  rectangular  axes 

3  axes, 
all  rectangu- 

tion  in  all  posi- 
tions but  one. 

hir, 

heat. 

^   Pyramidal. 

Right  square  pris- 

1 unequl, 

2  equal* 

Expand    unequally 

matic. 

by  ditto. 

t>oubly  refract* 

3  axes, 

' 

Right   rectangular 
ditto. 

all  rectangu- 
lar, 
all  unequal. 

Prlsmatiis 

8  axes, 

2opti<iftxeB. 

\ 

Oblique    rectangu- 

1 rectangular, 

Double      refrac- 

lar  ditto. 

2  oblique, 

l     tion  in  all  posi- 
/    tionabuttwo. 

all  unequal. 

S^Uque. 
all  unequal. 

•  , 

Doubly  oUique  ditto 

Symmetry 
totally  wanting. 

iSerenoe  of  polaiiBed  light  can  be  adequately  discussed,  it  wiU  be  necessary  to  have 
offered  some  remarks  concerning  the  undulatocy  theory,  as  being  the  only  one  on  the 
asftunq^tion  of  which  these  beautiful  phenomena  can  be  consistently  explained.  Mean- 
time a  fbw  rema As  may  be  offered  relative  to  the  connexion  existing  between  these 
coloured  rays  and  the  geometric  form  of  a  crystal. 

The  highest  object  of  chemical  philosophy  is  to  unravel  the  mystery  of  those  great 
foaraes  with  which  matter  is  impressed ;  to  trace  their  connexions,  study  their  correla- 
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UooMf  «n<d  mibda^U-m  to  ipe«Jfr'-4h9  biddta  eaergie*  of  ^n»  in  e^uivilant  iuootioM^f 
another.  The  study  of  uyrtilUae  £)r«}^th#  JBivwtijgatioiH  of  tbone  «o0iig}«  vbMk 
rttnilt  in  ^eftrnt^  nuUiheixLttical  ahap&'-4J)«  ooateiapUtion  of  tb»t  vyBUBotiy  between 
ttm^tore  ADid  ooffLpoaltm  vhich  orjstiUs  fo  ioreibly  d»play,  oontumnUy  io^Nie  iJm 
ehemio&l  pbilMoyborirkih  ths  belief;  that  noms  greirt  ooajafiuozw  ensting  bertvew 
ike  fkjdaaX  i<xem  will  be  h»99&w  zocule  Jpiowa  bj  a  study  «f  ci7«tiikK-4M)di«i  ifi 
iriiii^  all  the  gimge  point* of  ««eurate  «heiai9tiy  geem  to  lie;  Krhere  Hm  moit  pejifeet 
mdecolar  vuxion  u  circusMOribed  by  tbo  mpet  per&ct  geoiaetri^  boundaiie*,  and  in 
whkh  €m  very  linaf  of  ioncQ  to  wiuab  their  caastruation  ifl  due  iwy  be  bjr4H;^bi 
withm  the  ecope  of  oogoi^anxse  by  m^vaa  of  polarised  light. 

Coypuacnlni  ftoA  Undulatovj  TluMiiif •<— Xheee  two  tbeonee  iiare  bee^^ 
casually  indicated.  They  will  now  be  discussed  more  fully,  inasmuch  as  a  considera- 
tion of  their  tenets  will  facilitate  a  comprehension  of  certain  manifestations  of  polarized 
light.  /  ". 

The  corpuscidar  theory,  although  considerably  modified  by  different  philosoph^ifi, 
is  based  on  the  general  assumption  tliat  the  manifestations  of  light  are  due  to  ^e 
impact  of  certain  material]  particles  upon  the  Mtina;  j^ioeordingly,  jseTerfll  fctt^nxpts 
were  formerly  made  to  weigh  those  particles,  by  allowing  a  ray  of  light  fo  dart  upon 
the  extremity  of  a  delicatdy-poif  ed  balance ;  and  to  connect,  in  other  w^ys,  the  mm^ 
festations  of  light,  with  their  presumed  analogies,  amongst  the  phenomena  ef  onliBairy 
matter*  ilthou^  no  evidence  of  their  weight  had  ever  been  obtsioed,  the  ii^4fi 
their  material  nature  was  not  necessarily  abandoned ;  a&d  Idle  assump^on  of  eiicb 
particles  squared  remarkably  well  with  all  luminous  phenomena,  save  1^0«e  of  Alible 
refraction  and  polarization.  The  phenomena  of  reflection  accord  «o  well  wl^  «ai 
assumption  of  the  corpue«iiLar  theory  of  Hgbt»  th«t  their  lOMlt  indent  analogies  can  be' 
recognised  in  the  angular  xneasurement  included  between  the  lii^e  of  incidence,  and 
line  of  reflection^  of  a  billiard  ball.  The  phenomena  of  common  refraction  admits  of  an 
analogy  ecareely  less  tangible  and  direct.  If  a  boy's  marble  be  throTfA  Into  a  Mk  ot 
water,  the  marble  will  not  proceed  in  the  direction  it  would  huve  aansned  m  wfi. 
atmospheric  medium ;  "but  will  siiffer  bendisig  or  refiraction. 

Most  of  the  ordinary  phenomena  of  light  involve  either  refleption  or  refiteti^n; 
and  most  admit  of  ready  eompre}ienino»,  on  the  eesumption  of  the  moleimlar  theory. 
The  phenomena,  however,  of  what  is  called- interference  of  light,  ^d  the  phenomena 
of  polansatkni,  are  totally  irreooncileable  with  the  tenetg  of  U^  iiiolecular  theory,  as 
the  foUowmg  illuefcration  will  make  appwent  i^ 

Moat  pccBons  must  have  isemarked  the  beautiful  series  of  irideecent  colours  dis- 
played by  certain  polished  ah^lls.  These  colours  are  in  no  manner  connected  with  the 
composition  of  such  sheUa,  aa  may  be  demas^teted  by  taking  a  cast  in  sealing-wax, 
when  the  surface  of  the  ^ast  wiU  also  'display  a  similar  iridescence.  On  examining 
tl;^  surface  of  such  shells^  or  casts  taken  firom  them^  by  a  microscope,  minute  ridges 
or  furrows  axe  discoverable ;  and  to  the  action  of  these  the  phenomena  of  coloured  light 
is  referable.  A  similar  iridegeenfie}  may  be  psodueed  by  engraviiig  ib^  itarhtat  ai 
metals  wfth  aoeh  microseopie  fnjatowt ;  and,  iadeed,  tbif  pfoeam  vie  oace  applied  to 
a  branch  of  the  indttetzial  atU-^-^ke  miKBB&eian  of  Irideaeeiit  waisteost  bnttoniu  In 
this  ease  tiie  engraviad  Tnaiteriai  was  ateel^  and  tilie  fimwwB  were  made  by  neent  of  a 
diamond.  The  colours  thus  produced  .aze  referred  to  the  aetion  of  intev&reoae  of  ligiit, 
wluch  term  invotvea  the  theory  of  nndislationa,  on  tibue  eaaniBption  oi  whkk  the  ]iiuno- 
menon  is  eaaiiy  explicable.  It  is  poaeiUe  «e  to  arrange  tioie  impact  of  two  aaoaoHinsoaiatie 
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luminous  rays  against  one  and  the  same  point,  tbat  the  two  shall  either  pzoduoe  an 
amount  of  humnotttjr  eqiial  to  the  oomlnned  energies  of  both,  or  else  perfect  darkness, 
according  to  the  relative  distance  firom  the  point  of  intact  at  which  the  sources  of  the 
two  luminous  rays  are  placed.  This  is  what  is  understood  by  the  interference  of  light 
Two  rays  of  white  light  are  even  more  susceptible  of  interference  than  two  rays  of 
cokrared  Iighf ;  foui  in.  tiiie  ease  the  result  ie  colour,— ^inasmuch  as  a  ray  of  white  light 
is  compounded  of  three  coloured  rays,  aaiy  of  which  being  inl<er£ered  with,  or  sup- 
pressed, the  compound  quality  resulting  in  whiteness  no  longer  exists. 

On  the  assumption  of  molecules,  the  phenomena  of  interference  are  totally  inez- 
plioftble.  It  is  impossible  to  conceire  the  impulsiTe  force  of  two  molecules,  etudh 
directed  to  tbe  same  point,  less  than  the  impulsiye  force  of  oiM-*indefimtely  lees,  even 
to  zero,  as  we  must  conceive  if  the  theory  of  molecules  be  applied  to  this  phenomenon. 
On  the  other  hand,  if  we  assome  the  undxtlatory  theory  to  be  true^if  we  imagine  that 
light  is  the  result  of  vi^:«ti<«s  am<ag6t  the  particles  of  aa  -MEeeedingly  attenuated 
essence— ^then  the  phenomena  of  interferenee  can  be  readily  explained ;  then  we  can 
find  the  most  precise  analogies  between  certain  phenomena  of  light,  and  of  sound,  and 
the  curious  affections  of  interference  and  of  polarization  become  explicable.  If  on  some 
tranquil  day  a  pebble  be  thrown  into  the  water  of  a  pond,  a  series  of  waves,  circular  in 
contour,  and  gradually  expanding,  will  form.  If,  whilst  these  waves  are  taking  their 
coiurse,  anotiier  pebble  beHizown  on  the  spot  where  the  first  impinged,  another  series 
of  waves  will  be  produced  of  precisely  similar  character  to  the  first,  and  some  of  which 
they  will  overtake.  A  very  familiar  result  will  now  be  seen.  The  waves  come  in 
contact — ^but  not,  to  use  a  scientific  term,  all  in  the  same  phase  of  vibration  ;  at  some 
pomis  two  ruing  crests  will  coincide,  w&en  two  waves,  by  noting,  associate  their 
forces,  and,  if  striking  against  an  object,  gi^s  a  double  impact*  At  other  points 
a  zieiBg  erest  wiH  ^rike  one  that  is  fsUing;  the  result  of  which,  as^posing  the 
force  of  each  equal,  would  be  the  annihilation  of  both<  In  this  ease  «e  are  lamiidied 
with  an  example  of  the  interference  of  aqueous  waves.  Passing  on  to  the  consideration 
of  sonorous  waves,  it  will  be  discovered  that  the  whole  science  of  musical  haxmony 
depends  on  so  adapting  the  length  of  tbese  waves  that  they  mlay  eoineide  in  similar 
phases  of  vibration.  It  is  well  known  that  if  a  musical  string  be  divided  by  a  stop  into 
two  equal  parts,  each  separate  part  yields,  on  vibration,  a  tone  an  octave  above  that  of 
l&e  irkole  stxing ;  it  can  be  demonstrated,  mareover,  that  each  half  inLbrsftes  twice  ee 
fast  as  I3ie  whole  string — consequently  its  vibrations  must  be  twice  as  small.  Now  ft 
is  well  known  that  an  octave  is  the  most  perfect  harmony  that  ean  be  associated  wi^ 
i&e  ftmdamental  tone~^so  perfect  6iat  t3ie  resulting  tones  blend  into  one,  just  as  6iey 
should  do  according  tp  theory^  Two  series  of  expanding  waves-— one  series  double  m 
size  to  the  other— both  taking  tiie  same  direction,  must  iiecessarily  correspond :  there 
can  1>e  no  interference. 

•  Inasmucli  as  the  velocity  at  which  iorand  travels  is  known,  and  each  particnlar  tone 
in  flie  nmsical  scale  conpesponds  wil3i  a  detwminate  number  of  unduladonfl  in  a  given 
tone,  Hie  size  of  sound  waves  for  any  particular  tone  may  be  calculated,  when  the 
number  of  vibrations  for  any  given  tone  are  Imown.  This  has  been  accomplished  by 
M.  Sacvart  by  means  of  a  spiked  wheel,  caused  to  revolve  with  known  velodties.  A 
known  velocity,  yielding  a  known  sound,  furnishes  the  required  data.  It  is  by  en 
application  of  the  above  principle  that  Professor  Wheatestone  succeeded  in  detenmniDg 
the  velocity  of  elcotrieity  through  a  copper  wire.  Under  the  head  of  Kectricity  the 
arrangement  of  Professor  Wheatestone  will  be  fully  explained. 
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Let  S  =  Yclocity  of  sound  per  second, 

N  =  number  of  vibrations  per  second  necessary  to  produce  any  gtvea  note, 
W  =  length  of  wave  corresponding  to  that  note ; 

then  J-  =  W. 

The  velocity  of  sound  in  air  at  mean  temperature  and  pressure  is  =  1120  feet  in  a 
second.  In  conformity  with  the  above  data,  the  following  table  has  been  con> 
structed : — 


KUMBEB  OF  VTBRATIONS  PBB  SBCOXD  PBKFOBMED   BT  WAVES  OF  Am  OORKBSPONDnrO 
TO  CERTAIN  HUSICAL  NOTES,   AND  LBNGTK  OF  THE  BE8PECTIVB  WAVES. 


Notes  of  the  organ. 

Length  of  pipe. 

No.  ot  vibrations 
per  second. 

Length  of  wave. 

Lowest  C 

c* 

32 

16 

8 

4 
2 

1    • 

16 
32 

64 
128 
256 
512 

70 
35 

17-5 
8-75 
4-876 
2-1876 

or  »»ao 

16 

or  1130 

33 

or  mo 

64 

oriUP 

138' 

or  ii«o 

356 

or  »!•? 

613 

These  acoustic  illustrations  have  been  chosen  with  the  object  of  facilitating  their 
luminous  analogues,---to  which  I  will  now  return* 

If  a  planoHxmvex  lens  be  laid  with  its  convexity  downwards  upon  a  flat  plate  of 
glass,  various-coloured  rings  appear ;  red  mani- 
festing itself  nearest  the  edge  of  the  lens^  violet 
nearest  the  centre.  These  colours  are  due  to  the 
interference  of  light ;  and  whatever  be  the 
theory  of  light  adopted^  it  is  evident  that  a 
certain  relation  between  colour  and  space  is  manifested  in  the  preceding  arrangement, 
where  the  lines  o^  and  a,  which  I  will  suppose  to  correspond  with  the  ring  red  Hght,  is 
evidently  longer  than  the  line  &',  which  may  be  supposed  to  correspond  with  violet  lig^t^ 
Hence  these  respective  lines  may  be  considered  as  representing  the  ratio  of  measurement 
of  the  waves,  or  the  particles  of  Ught,  according  to  the  theory  we  adopt»  Knowing  the 
dimensions  of  the  globe  to  which  such  a  lens  has  reference,  the  measurement  of  the  lines 
a  6,  &c.,  admit  of  calculation;  hence  we  have  data  of  the  size  of  waves  (assuming  that 
theory  for  light)  of  various  colours.  The  wave  of  extreme  red  of  the  solar  spectrum 
has  a  length  of  '0000266th  part  of  an  inch,  and  vibrates  458  million  times  in  a  second. 
The  wave  of  extreme  violet  light  has  a  length  of  *00000467th  part  of  an  inch,  accom- 
plishing 727  miUions  of  vibrations  in  a  second.  The  means  of  ascertaining  the  number 
of  vibrations  per  second  of  any  coloured  light  are  based  on  the  data  of  the  rate  of 
travelling  of  light  per  second  and  the  measure  of  a  determinate  chromatic  wave.  An 
application  to  these  data  of  the  formula  given  for  sound  above,  making  the  obvious 
substitutions,  will  give  the  required  answer.  In  order,  however,  to  remove  all  difficulty 
from  the  comprehension  of  tl^  interesting  subject,  the  following  parallel  cases  have 
been  drawn  up  t— 
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PARALLEL  CASES. 

Light  travels  at  the  rate  of  190,000  miles  A  man  travels  at  the  rate  of  60  yards  per 

per  second.  minute. 

Length  of  waves  of  red  light, '00000266th  (Assumed)  length  of  the  man's  strides, 

part  of  an  inch.  1^  yard  each. 

Query. — How  many  vibrations  does  a  ray  Qveri/. — How  many  strides  does  the  man 

of  red  light  make  per  second  ?  make  in  a  minute  ? 


Formula  for  solving  the  query. 

Velocity  of  light  per  sec,  No.ofvibra- 

Length  of  wave  of  every  ""  tionspersec. 
colour 


Formula  for  solving  the  query. 

Velocity  of  man  per  min. No.  of  strides 

Length  of  stride        ""     per  min. 


Or, 


Answer. 


Or, 


Answer. 


00000266)  190,000/'*^^  millions  of  vibra- 
^  \     tiona  per  second. 


1^)60(40  strides  per  minute. 


Xnteifezenee  of  Polaxized  Zdghi. — Having  offered  a  general  indication  of 
the  nature  of  luminous  interference,  let  us  now  apply  the  facts  deduced  to  an  explana- 
tion of  a  phenomenon  already  indicated, — ^the  occurrence  of  chromatic  rings  pn  inter- 
posing a  plate  of  mica  between  two  plates  of  tourmaline.  Plate  No.  1 ,  *  or  the  polarizing 
plate,  effects  polarization  of  a  ray  of  white  light,  so  that  plate  No.  2,  the  analyzing  plate, 
held  transversely  to  the  first,  intercepts  the  polarized  ray.  A  film  of  mica  interposed 
between,  causes  the  ray  again  to  appear,  but  as  a  coloured  ray. 

It  is,  in  the  first  place,  evident  that  the  mica  must  have  turned  the  polarized  ray 
partly  round,  in  order  that  the  second  plate  of  tourmaline  could  have  admitted  of  its 
passage  at  all ;  and  it  is  assumed  rationally  enough,  on  ihe^assumption  of  waves,  that  in 
this  act  of  turning  round,  the  various-coloured  rays  assume  different  planes,  so  that,  on 
separating  these  planes,  and  rendering  one  alone  evident  by  an  analyzing  plate,  colour 
results.  A  plate  of  any  crystalline  body  (not  belonging  to  the  tessular  system)  thus 
introduced  between  two  polarizing  media,  yields  colour,  and  the  optic  axes  of  a  crystal 
may  be  counted  off.  It  is  consistent  with  reason  to  suppose  that  these  optic  axes 
correspond  with  real  directions  of  forces  in  equilibrio ;  and  it  might  be  inferred  that 
homogeneous  non-crystalline  transparent  bodies  would  not  produce  this  effect  on 
polarized  light ;  which  is  again  consistent  with  all  observation.  If  a  piece  of  well 
annealed  glass  be  interposed,  no  colour  results,  because  the  force  holding  its  particles 
together  is  equal  in  all  directions ;  if,  however,  the  same  glass  be  compressed  by 
means  of  a  hand-vice,  or  caused  to  expand  unequally  by  holding  a  hot  poker  near  it, 
then  iridescent  hues  immediately  appear. 

Hence  arises  an  easily  applied  test  of  the  homogeneity  of  glass— a  quality  so  neces- 
sary for  all  optical  puiposes. 

GizcuUur  Polailsatlon.— Many  specimens  of  rock  crystal  may  be  selected  which, 
if  sUced,  and  the  slice  placed,  as  directed,  between  a  polarizing  and  analyzing  plate,  do 
not  yield  the  alternating  black  and  white  central  spot  and  radiating  cross ;  but  instead 
of  which,  the  central  spot  is  chromatically  illuminated,  with  a  colour  that  changes 
through  all  the  prismatic  series  on  causing  the  quartz  plate  to  revolve  on  its  own  axis. 
In  some  specimens  of.  quartz,  rotation  of  the  plate  on  its  own  axis  from  right  to  left 

*  See  page  76. 

CHEMISTRY.— No.  III.  « 
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causes  the  colours  to  appear  in  the  order  of  red,  yellow,  blue;  whereas,  in  other 
^pecjj^ens  of  quartz,  this  order  of  alternation  occurs  when  the  quartz  is  turned  in  an 
opposite  direction.  Hence  there  is  right-handed  quartz  (the  former),  and  left-handed 
quartz  (the  latter).  This  quality  of  circular  polarization  is  another  powerful  agent  of 
chemical  analysis.  On  first  contemplation  it  might  he  supposed  to  be  connected  with 
the  solid  molecular  condition  of  the  crystal ;  but  this  is  not  so — the  property  of  circular 
polarization  being  also  affected  by  certain  liquids. 

The  subject  of  circular  polarization  is  one  strikingly  illustrative  of  the  way  in 
which  a  subject  apparently  altogether  abstract  and  recondite  may  be  applied  to  the 
most  practical  ends.  iTwo  remarkable  examples  of  this  application  I  shtdl  mention — 
{he  first  relating  to  a  method  of  indicating  the  progressive  change  during  fermentation 
of -starch  into  glucose  ot  grape-sugar ;  the  second  relating  to  a  method  of  distiBgvlabBig 
between  the  latter  in  glucose  and  sugar  of  the  cane. 

When  infusion  of  malt  is  mixed  with  yeast,  and  exposed  to  the  proper  fermentative 
temperature,  a  gradual  change  takes  place  of  starch,  and  ft  modification  of  starch,  called 
dextrine,  into  the  glucose  or  sugar  of  grapes,  to  which  the  ffweetosM  oi  the  wort  id  due. 
Now,  solutions  of  starch,  and  dextrine,  and  grape*«ugar,  all  possess  the  property  of 
circular  polarization ;  but  with  this  difiSsrenoe,-—!^  two  ittm»T  polMPisa  tovttfia  the 
right  (whence  the  name  dextrine  is  derived),  the  latter  polarixes  tofwada  ihe  left. 
Hoace,  by  placing  «n  infusion  of  malt,  at  progressive  stages  oi  ferraentstion,  i&  « t«be 
of  definite  length,  connected  with  a  polArising  apparatus,  and  reading  off  the  esmmit 
of  ri^t-handedness  or  left-handedness  displayed  by  the  sdution,  the  progressive  changes 
of  staroh  and  dextrine  towards  grape*8ugar  or  glucose  may  be  ma4e  evident* 

Still  more  important  is  the  application  of  this  principle  to  the  diserimiiuittoiL  of  «iiie 
and  grape  sugars.  Slightly  anticipating  the  subject  of  orgajuo  chemistry,  it  must  be 
here  premised  that  the  terms  glucose  or  grape-sugar  are  not  specific,  but  geneiie ;  they 
are  not  limited  to  die  indication  of  sugar  which  is  eontuned  in  the  grape^  but  extend  to 
the  comprehension  of  all  sugar,  from  whatever  souree^  having  an  identical  compoiition. 
In  like  manner,  by  the  term  cane-sugar  we  understand  a  sugar,  from  whatever  so«iee 
derived,  that  has  a  composition  of  the  saccharine  crystals  extracted  &om  sugar-cane. 

Oane-sugar  is  that  alone  which  possesses  any  value  as  a  manufaotuied  artiolfi  $  the 
only  kind  which  admits  of  crystallisation  or  formation  into  loaves.  Yet  cane*sq0ar 
lai^y,  under  certain  circumstances,  changes  into  grape-sugar ;  and  as  bo<li  yield  a 
solution,  sweet,  colourless,  and  probably  of  equal  specific  gravities,  the  value  of  aprfiMss 
for  determining  the  presence  and  the  proximate  amount  of  either  becomes  of  the  highest 
importance.  By.  taking  advantage  of  the  fact  that  cane-sugar  polarizes  cireularly 
towards  the  right,  grape-sugar  towards  the  left,  the  necessary  infonnation  can  bo 
obtained. 


/ 


.   M.  Kot  has  pontrived  an  optical  instrument  for  Om  specific  purpose*    Iti  £»ri»  is 
represented  by  the  accompanying  diagr^up. 
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A  ray  of  comraoft  light  liKvmg  been  pol«ri»©d  by  reflectkm  at  tbe  angle  of  56°  W 
from  the  surface  {b)  of  a  plate  of  glass,  the  plane  polaxieed  ray  (e),  obtained  by  thi$ 
means,  is  first  made  to  pass  through  a  lens  (^}  to  give  distinctness  of  image,  and  then 
through  a  pure  solntion  of  crystaXtizable  can^-sugar  {d) :  the  emergent  ray  («)  being 
now  analyzed  by  a  doable  refracting  ihomb  of  calcareous  spar  (/),  two  coloured  images 
are  perceived,  one  {o)  caused  by  ordinary,  the  other  (x)  by  extraordinary  refriaction. 
The  colours  of  the  two  images  are  complefmcntary ;  that  is,  when  one  image  is  red, 
yellow,  or  blue,  the  other  image  is  green,  yiolet,  or  orange.  Zf,  now,  the  acnalyzing 
rhomb  of  calcareous  spar  be  rotated,  change  of  colour  is  effected.  If  the  rotation  bi 
right-handed-—^  «.,  in  the  direction  of  turning  an  ordinary  screw — the  colours  iBollow 
each  other  in  tho  order  of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet ;  mean- 
time, the  extraordinary  image  assumes  a  series  of  complementary  tints.  But  the 
chromatic  relation  of  the  two  images  may  be  most  readily  perceived  by  the  following 
comparative  arrangement : — 


OaDIHAa-V  IMAGS. 


Bed 
Oiange 
Yellow 
Green 
Blue 
Indigo ) 
Violet  )" 
Bed 


SXT&AOSBIKA&T  iaCA«£. 


Green 
Bhke 
( Indigo 
1  Violet 
Bed 
Orange 
Yellow 
(keen 


Such  is  the  sequence  whoi  the  instrument  contains  a  solution  of  pure  cane-sugar ; 
if  grape-sugar  be  substittrted,  th6  order  of  sequence  is  reversed. 

Actiaism,  oz  TillMmlcity.-^Untii  within  the  last  few  years  the  constituents  of 
the  solar  rays  were  supposed  to  be  merely  light  and  heat :  a  third  agency,  termed 
actinism,  is  now  recognised.  ^*  The  alchemists  observed  lite  blackening  of  hom-ailver ; 
but  as  this  discovery  did  not  generate  a  correct  idea  in  their  minds,  the  fact  remained 
valueless  to  man.  Scheele,  the  Swedish  chemist,  was  the  first  to  investigate  the 
peculiar  conditions  under  which  this  remarkable  change  of  chloride  of  silver  took 
place,  and  determined  the  difference  in  the  action  of  the  least  and  the  most  refrangible 
spectral  rays.  Berard  afterwards  proved  that  the  most  luminous  of  the  prismatic  rays 
would  not,  even  when  concentrated  by  a  lens,  blacken  chloride  of  silver  in  twenty 
minutes ;  whereas  the  least  luminous  rays  at  the  most  refrangible  end  of  the  spectrum, 
condensed  in  the  same  manner,  produced  a  great  degree  of  darkness  on  this  salt  in  a 
few  secondq.  In  1803,  Wedgwood,  the  porcelain  manufacturer  of  Etruria,  employed 
this  chloride  and  the  nilmte  of  silper,  i^ead  on  paper  and  white  leather,  for  copyii^ 
the  coloured  glass  pictures  in  church  windows ;  but  he  failed  to  give  permanence  to 
the  impressions  he  produced.  Between  1814  and  1827,  M.  Niepce,  of  Ohaions-snr- 
Sadne,  was  employed  in  investigating  this  subject,  and  discovered  that  resin  spread  on 
metallic  or  glass  tablets  was  sensitive  to  solar  agency,  the  parts  exposed  becoming  mote 
soluble  than  those  in  shadow.  By  this  means  he  was  enabled  to  produce  pictures  upon 
silver  tablets  by  the  use  of  the  camera  obscura.  Niepce,  iu  1829,  associated  himself 
with  Daguerre,  who  had  preriously  commenced  some  independent  observations ;  and 
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their  combined  experiments  led  to  the  discoyery  of  the  process  known  as  the  Daguerreo- 
type, which  was  published  in  1839. 

'^  Mr.  Henry  Fox  Talbot  had  been  engaged  in  experiments  on  the  chemical  agency 
of  the  sunlight  from  1834 ;'  and,  in  1839,  he  first  published  his  photographic  researches, 
and  circulated  specimens  of  his  process  of  preparing  pictures  upon  paper  co7ered  with 
chloride  of  silver.  This  led  to  numerous  investigations ;  and  several  processes,  by  Sir 
John  Herschel  and  others,  were  speedily  published.  In  1841,  Mr.  Talbot  published — 
having  previously  patented— his  calotype  process ;  since  which  time  the  art  has  made 
rapid  advances." — Hunt. 

Even  so  far  back  as  the  year  1801,  Ritter,  of  Jena,  made  the  important  discovery, 
whilst  repeating  the  experiments  of  Scheele,  that  on  throwing  the  prismatic  spectrum 
on  a  sheet  of  paper  impregnated  with  chloride  of  silver,  that  not  only  was  the 
blackening,  or  chemical  effect,  more  powerful  at  the  violet  end  of  the  spectrum  than  at 
the  red,  but  that  the  effect  was  greatest  of  aU.  beyond  the  limits  of  the  violet,  con- 
sequently beyond  the  luminous  boundary  of  the  spectrum.  This  discovery  soon  gave 
rise  to  the  idea  that  some  agency  distinct  from  heat,  on  the  one  hand,  and  light  on  the 
other,  must  exist  in  the  radiant  spectrum.  Almost  contemporaneous  with  the  dis- 
covery by  Bitter  of  the  existence  of  what  is  now  termed  actinism,  Dr.,  afterwards  Sir 
^  William,  Herschel  was  prosecuting  a  course  of  experiments 

}  \  to    manifest    the    distinction  in    the   prismatic   spectrum 

1      ^v.  between  rays  of  heat  and  mere  luminosity.     In  the  year 

1800,  whilst  making  some  experiments  on  coloured  glasses^ 
intended  for  the  purpose  of  defending  his  eyes  from  heat 
whilst  examining  the  sun  with  his  large  telescope,  he 
found  that  a  deep  red  glass,  notwithstanding  its  obstruc- 
tion of  a  large  amount  of  light,  scarcely,  if  at  all,  inter- 
fered with  the  passage  of  heat.  On  ike  other  hand,  a 
blue  or  gray  glass  defended  his  eye  completely.  On  look- 
ing more  narrowly  into  this  subject,  Herschel  proved 
for  heat  what  Bitter  had  previously  done  for  actinism, 
that  not  only  of  all  the  coloured  portions  of  the  spectrum 
did  red  afford  the  greatest  amount  of  heat,  but  the  maxi- 
mum  point    of  spectral  heat  was    developed    altogether 

nA        i\\tk     foA  Tliiia      if       OAArvie       fVtn       <lA/*ATV11w;iifin'n       e\f     I 
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Heliograpliy,  or  the  taking  of  sun  pictures,  most  improperly,  as  Mr.  Hunt  observes, 
termed  Photography — a  term  indicative  of  the  agency  of  light,  whereas  we  have  made 
it  appear  that  not  light,  but  a  peculiar  radiant  matter,  or  essence,  accompanying  light 
is  the  cause  of  the  result  in  question.  These  sun-pictures  may  be  chiefly  arranged 
under  the  heads  of  Daguerreotype  and  Calotype,  although  other  processes  for  developing 
them  have  been  described  under  the  names  of  Fluorotype,  Ferrotype,  Chromotype, 
Ohrysotype,  Cyanotype,  Catalisotype,  and  Anthotype.  All  these  terms  have  reference 
to  the  chemical  agents  with  which  sun-pictures  are  produced.  It  will  be  convenient 
to  discuss  the  subject  here  under  the  two  general  heads  of  simple  pictures,  or  those 
generated  without  .lenses,  and  camera  pictures,  in,  the  development  of  which  lenses 
arranged  in  the  camera  obscura  are  employed. 

Simple  Piotiures.— The  process  adopted  by  Wedgwood  for  copying  the  paintings 
on  church  windows  resulted  in  the  formation  of  a  simple  photographic  picture.  How- 
ever that  process  may  be  modified,  the  principles  involved  in  taking  and  rendering 
permanent  this  cla^s  of  pictures  are  invariable. 

1 .  -The  first  condition  is  the  generation  of  a  surface  which  shall  be  sensitive  to 
actinism. 

2.  The  second,  that  the  sensitive  sur&ce  thus  developed  shall  be  placed  under  the 
unequal  action  of  actinic  rays. 

3.  The  third,  that  the  picture  shall  be  fixed. 

SenaitlTe  Paper. — ^Although  silver  salts  are  not  the  onfy  substances  employed 
for  the  purpose  of  making  sensitive  paper,  yet  they  are  the  most  usual  and  most 
important.  It  will  be  well,  therefore,  to  describe  the  principles  on  which  their 
successful  action  depends. 

Pure  nitrate,  bromide,  iodide,  or  chloride  of  silver,  are  not  affected — ^that  is  to  say, 
do  not  blacken  under  the  influence  of  actinic  rays ;  but  the  presence  of  a  little  organic 
matter  renders  them  very  prone  to  imdergo  this  change.  Hence,  if  organic  matter, 
such  as  paper,  or  linen,  be  moistened  with  nitrate  of  silver  solution,  and  exposed  to 
the  air,  the  tissue  thus  acted  upon  soon  turns  black  on  exposure  to  the  solar  rays.  On 
this  principle  depends  the  operation  of  marking-ink. 

Nitrate  Fapez. — ^The  most  original  and  most  simple  kind  of  sensitive  paper  for 
simple  pictures  is  made  by  brushing  over  a  piece  of  highly  glazed  paper  a  solution  of 
nitrate  of  Silver,  containing  about  100  grains  of  the  crystidlized  salt  to  one  ounce  of 
water,  and  allowing  the  paper  to  dry.  By  this  operation  a  sensitive  surface  is  pro- 
duced, on  which  the  figures  of  objects  may  be  developed  by  very  obvious  means. 
Suppose,  for  instance,  it  were  desired  to  take  copies  of  the  wheels  of  a  watch,  nothing 
more  would  be  necessary  than  to  lay  them  fiat  on  such  a  paper,  and  expose  the^whole 
to  the  action  of  solar  rays.  Wherever  the  rays  might  strike,  the  paper  would  become 
blackened ;  but  it  would  remain  white  in  all  those  portions  covered  by  the  wheels. 
In  like  manner,  supposing  it  were  desired  to  copy  an  engraving,  or  to  take  the  pattern 
of  lace,  of  a  fern  frond,  of  a  leaf,  &c.,  nothing  more  would  be  requisite  than  to  press 
the  object  to  be  copied  and  the  sensitive  paper  fiat  between  two  glass  plates,  and  to 
expose  the  whole  to  the  sun's  rays. 

By  the  proceedings  described  we  should  obtain  a  negative  picture — that  is  to  say, 
the  lights  and  shades  would  be  reversed — for  a  very  obvious  reason.  Just  as  obvious  is 
it  that  a  positive  picture  might  be  made,  by  exposing  the  negative  one  to  solar  action 
in  contact  with  another  sheet  of  sensitive  paper. 

But  whether  the  picture  be  positive  or  negative,  it  is  evidently  necessary  to  bring 
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it  to  Buch  a  condition,  that  when  removed  from  the  object  copied  the  white  portions 
shtjl  he  rendered  insensible  to  the  aolar  rays.  This  operation  involves  the  employment 
of  some  chemical  agent  which  has  the  power  of  dissolving  away  such  portions  of  the 
silver  salt^  or  other  agent  used,  as  may  not  have  been  affected  hy  the  actinic  rays. 
For  the  paper  described,  the  fixing  agent  may  be  a  solution  of  common  salt»  which  has 
the  property  of  changing  all  nitrate  still  remaining  nndecomposed  into  a  chloride,  and 
of  dissolving  the  latter  i  a  solution  of  hyposulphite  of  soda,,  however,  is  more  generally 
employed. 

Gh)U>zide  <tf  SUvex  PapeXa^This  is  made  by  first  washing  over  the  surface  of 
paper  a  solution  of  common  salt,  then  with  a  solution  of  nitrate  of  silver.  The  best 
proportions  of  materials  are  60  grains  of  common  salt  to  S  ounces  of  water ;  and  60 
grains  of  nitrate  of  silver  to  I  ounce  of  water.  The  application  of  these  and  other 
solutions  employed  in  photographic  manipulations,  requires  much  delicacy  of  hand. 
The  great  object  in  all  cases  is  to  effect  an  e7en  distribution.  Brushes,  for  the  most 
part,  are  ineligible,  not  only  on  account  of  their  rapid  destruction  by  the  substances 
with  which  they  eome  into  contact,  but  also  on  account  of  the  great  difficulty  expe- 
rienced in  laying  on  a  parfoctly  flat  coating  of  liquid  by  their  means. 

A  plan  very  mu^  had  recourse  to  by  photographers  for  distributing  their  liquids 
is  termed  ^oa^»«^,  and  consists  in  laying  the  paper,  or  other  substance  to  be  treated,  flat 
on  the  surface  of  the  liquid,  placed  in  a  shallow  porcelain  or  glass  dish, — or  even  on  a 
flat  plate  of  glass,  accuxately  adjusted  to  a  level ;  then  drawing  tlSte  paper  of!^  and 
oaufting  it}  during  thi«  operation^  to  come  in  contact  with  the  edge  of  the  dish  or  plate, 
so  that  the  neoessary  amount  of  superfluous  fluid  may  be  removed. 
'  Another  good  plan  consists  in  laying  the  paper  flat  on  a  glass  plate,  then  pouring 
w^dD.  it  a  certain  superfluity  of  liquid,  and  passing  the  latter  evenly  over  the  surface 
of  the  paper  by  means  of  a  glass  rod  held  evenly  and  horizontally ;  this  plan,  however, 
is  restricted  ta  operations  which  involve  the  use  of  paper  already  wet. 

'Whatever  the  mode  determined  on  for  spreading  photographic  solutions,  every  care 
should  be  taken  to  spread  them  evenly.  If  an  unwetted  patch  or  spot  be  reeognizcd, 
the  operator  should  not  fill  it  in,  but  should  begin  the  operation  of  distiibution  over 
ibfi  whole  surface  again.  Chloride  of  silver  paper  which  has  heen  prepared  as 
doseribed  should  be  allowed  to  dry  in  the  dark ;  when  dry,  it  is  ready  for  use. 

The  proportions  of  nitrate  of  silver  and  common  salt  just  given  may  he  varied, 
within  certaia  limits  >  and  a  variation  in  the  amount  of  sensitiveness,  and  also  in  the 
torn  of  the  picture,  results.  If  the  chloride  of  sodium  be  in  excess,  the  paper  will  not 
be  Twy  sepaitivQ,  and  th^  resulting  picture  will  have  a  somewhat  disagreeable  slate 
colour.  Quan^tieft  successively  lessenlB^  give,  black,  bcouze,  and  brown,  of  vadous 
shades^  gradually  ^idiag  in  brick-red. 

Hrnntifi  Fa]^«0e»— OjO  grains  of  bromide  of  potassium  having  been  dissolved  in 
3  Quaees  oi  water,  fiaper.  is  t^  be  soaked  in  this,— superfluous  moisture  absorbed  by 
hibuk)U9  poper, — then  covered  on  th^  ^urfaco  with  a  solution  of  nitrate  of  silver  and 
waiter,  100  groins  of  the  salt  to  an  ounce  of  water. 

/knunonia-nitzate  of  Silyer  Paper. — If  liquor  ammoniae  be  added  to  a  solution 
of  nitrate  of  sUver,  nitrate  of  ammonia  results,  and  oxide  of  silver  is  deposited.  If 
still  more  ammonia  be  added,,  the  oxide  of  silver  re-dissolves.  Correctly  speaking,  the 
S(»-ealled  ammonia-nitrate  of  silver,  is  a  solution  of  oxide  of  silver  in  liquor  ammoniae, 
mixed  with  a  portion  of  nitrate  of  ammonia.  Very  good  proportions  for  making  this 
aaiutioii  axe,.  210  graias  ai  nitrajte  of  silver,  dissolved  in  I  ounce  of  water,  and  sufficient 
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fttt^oaftt  m^  My  iff  p^dpiixAe  ib0  o^de  of  iihr«r,  hkt  i»  i«>ittttKiI?0  ibe  ^featest 
poftioli  of  it,— a  trifling  anKmiMi  being  left  n&disMlTvd,  for  the  ptrpmo  of  Mttifiiig  {he 
operator  tlutt  the  amoont  of  amBioiiia  addod  baa  not  hoes  in  «&oe8S* 

Tho  BoltLtiOfi  a^  thus  prepared  is,  as  I  b^ore  tditiafked,  a  miztoi^  of  codde  of  sllteiif 
dil6olt6€l  in  amtaonia,  wif^  nitrate  of  asmtonia.  The  presesee  of  tiie  latter  i»mn^ 
sfdeTed  al)jectionahIe  hy  ^ome  photograph^is,  inasmuch  na  it  imparte  to*  ^o  mraHitt^ 
plettttes  a  deep  ted  totie.  This  ^fieet  may  be  obriated  bf  eaf«l^y  sMMrmg  aB  I9ie 
nikate  of  ammonia  solution,  so  that  oB^y  a  solutioti  of  oxide  of  e^ver  in  amttioida  shaK 
remain.  The  steps  for  accomplishing  this  end  are  as  follow  :— Add  solution  of  amttottia 
to  the  nftt^te  sohition,  so  long  as  an^  pteexpitale  forins.  BMfttft  ^e  tfiij^lttUmt 
li^r  (which  is  a  solution  Of  nitrate  of  ammdnia),-^trai^  the  oxide  w^-with  diMiSIed 
water,--pourH)£tfKi^latter,-H;hett  add  ammonia,  atid  effR^the  sottttioti.  ot  the^^oMldd  as 
before.  ' 

Paper  prepared  with  the  ammonia-nitrate  of  silver  is  sensitive  irhhoict  aurf  0<^ief 

,  tr^atbient ;  but  oettain  artistic  ^eets  may  be  prodaoed  by  not  tumg  it  tintO  it^has 
b^ea  treated  with  bromide,  elhloride,  or  iodide  of  potasdiim,  as  I  hav«'^rea4y  *5ft«Sbedi 
'^ittover  be  the  kind  of  »eWsS«ive  paper  einployed,  it  is'  absolutely  fieeebsary  Unttt  tke 
ejigrtviiig,  leaf,  &e:,  tO»  be  copied,  shoufld  b*  pressed  firmly  down  tpcto  it.    ThiS=ii 

'  a^dotiiplidted  by  an  inStrnttent  tcrm'efd  a  pressure  ihmie.    Whett  Ihe  siibjeet  to  be 

!  co^ed  ih  of  etfttt  thiefeoeSs  thhrtighotit— (Weh  as  an  engraving  on:  p«pei^-4flbo  ad|M« 
niienfr  is  SO  easily  effected  as'  U  rectuire  no  eitplahatio*.    When,  h<hre¥tfr,  the  itebj©*!  4s 

'  of  uneven  tiiickness— such,  for  instance,  as  a  leaf  with  its  thick  miobib^  arid  raMlf^^iBg 
neryures— tiie  case  is  different.  Occasionally,  it  will  be  desirabfe  to  share  d&mt  the 
niore  prominent  portions  of  the  midrib,  by  means  of  a  penknife,  and  the  objedt  may 
.be  afterwards  priesssd  clese  to  the  glass  by  putting  a  thi(^  piece  of  flinmel  in  thtt 
prwfsure-frame;  below  the  paper. 

*k«  Fo^ti-ve  Pictmre.— The  method  of  obtaining  a  positive  frmn  a'  negative 
picture  has  already  been  indicated.    Occasionally  the  process  -vfiH  be  facilitated  by 

'■  rendering  the  negative,  or  object  to  be  copied,  more  transparent  than  natural,  by 

;  means  of  oil,  varnish,  or  melted  wax.    In  using  these  agents,  however,  card  shoulcfbe 

i  taken  not  to  impart  a  shade  of  yellow  to  the  negative.  Teller,  as  1  hav^  Already 
indicated,  is  a  great  impediment  to  the  development  of  actinic  images^  dv^wliich  it 

i  exerts  a  direct  negative  influence. 

nsLing.— In  order' that  a  photographic  representation  may  be-  permanent,  it' Must 
be  *'fixed  '**-^t6  use  ^e  technical  expression— that  is  to  say,  it  must  have  all  the  sHver 

.-which  has  not  been  converted  into  oxide  or  metallic  Silver  by  the  actinilft  riiys 
r&oi&ted. 

Fixing  ?s  accomplished  by  the  employment  of  some  solvent  that  has  the  property 

\  of  'combining  with  the.undecomposed  silver  salt.  The  solvent  noAV  generally  used  is 
hyposulphite  of  soda,  in  aqueous  solution. 

The  operation  of  fixing  is  commenced  by  immersing  the  picture  in  a  dish  ot  lioi 

I  water,  and  pouring  away  the  latter,  by  which  means  the  nitrate  of  silver,  and  other 
salts  soluble  in  water,  are  removed.  The  picture  should  now  he  dried  between  folds 
of  bibulous  paper,  returned  to  the  washing  dish,  and  treated  with  an  aqueous  solution 
of  "hyposulphite  of  silver,  having  the  strength  of  about  120  grains  to  a  part  of  water. 
Fnially,  the  picture  should  be  removed  from  its  hyposulphite  situation,  put  into  cold 
water,  and  washed  until  a  drop  of  the  fluid  let  fall  upon  a  plate  of  glass  and  evapo- 
rated leaves  no  stain. 
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FositlTe  Pietnzes  on  Albuminous  SuifiMes,  on  Films  of  Collodion  &c. 

— ^The  Tarious  inequalities  of  paper  present  such  an  impediment  to  the  photographic 
art  that  many  schemes  haye.been  proposed,  and  some  carried  into  successful  execution, 
for  deyeloping  positive  pictures  on  smoother  substitutes.  Of  these,  a  coating  of  albumen, 
spread  on  paper  or  glass,  or  of  collodion— •'.  e.y  solution  in  ether  of  gun  cotton  upon  the 
same — are  the  principal.  Details  of  these  processes  scarcely  come  within  the  scope  of 
a  treatise  on  general  chemistry.  I  must,  therefore,  refer  the  reader  who  would  prose- 
cute the  subject  of  ^Heliography  more  minntely,  to  boo^s  specially  written  on  the 
subject. 

Gameza  Fictures. — ^Under  this  description  are  included  the  delineation  of  forms 
on  paper,  albumen,  &c.,  in  consequence  of  the  •  decomposing  effects  of  solar  rays  on 
certain  metallic  solutions— comprehending  the  operations  termed  Calotype,  Talbotype, 
Cyanotype,  &c. ;  and  the  delineation  of  images  on  an  iodized  silver  plate,  known  as 
the  Daguerroty}>e. 

If  any  of  the  sensitiYe  papers  already  described  be  placed  in  the  camera  obscura, 
and  the  image  of  an  illuminated  object  allowed  to  impinge  upon  it,  a  picture  will  in  the 
end  result.  The  time,  however,  necessary  for  the  development  of  this  picture — usually 
some  hours— is  a  great  bar  to  the  employment  of  this  mtans  of  taking  actinic  pictures. 

To  Mr.  Fox  Talbot  is  attributable  the  discovery  of  a  process  by  which  the  time  of 
the  operation  is  abridged  from  hours  to  seconds ;  and  thus  a  new  development  of  helio- 
grsphy  has  ^sprung  up,  known  under  the  name  of  Calotype,  or,  in  compliment  to  its 
discoverer,  Talbotype. 

Ithas  been  already  casually  remarked,  that  pure  bromide,  iodide,  and  chloride  of  silver, 
are  very  little,  if  at  aU,  affected  by  the  sun's  rays ;  but  that  the  presence  of  a  slight 
amount  of  organic  matter  causes  the  affection  to  occur  readily.  This  circumstance  lies 
at  the  foundation  of  the  process  of  Mr.  Fox  Talbot ;  although  it  is  only  fair  to  state 
that  the  fact  had  been  anticipated  by  Sir  John  Herschel  and  Mr.  Robert  Hunt,  gentle- 
men to  whom  the  interesting  art  of  heliography  is  so  much  indebted: 

The  operation  of  rendering  paper  suitable  for  taking  Calotypic  impressions  consists 
of  two  processes;  of  which  the  first  consists  in  impregnating  the  paper  with  certain 
silver  salts, — ^the  second,  in  rendering  the  paper  so  treated  additionally  sensitive. 

Znipzegnation  of  the  Fapez. — Several  processes  are  recommended  for  this 
purpose :  the  following  answers  perfectly  well :— Having  dissolved'about  twenty  grains 
of  crystallized  nitrate  of  silver  in  an  ounce  of  distilled  water,  precipitate  it  by  the 
cautious  addition  of  iodide  of  potassimn.  The  supernatant  liquid,  which  contains  nitrate 
of  potash,  is  to  be  poured  o%  inasmuch  as  that  salt  interferes  with  the  beauty  of  the 
picture.  The  precipitate,  which  is  iodide  of  silver,  is  now  to  be  dissolved  in  a  solution 
of  iodide  of  potassium,  containing  fifty  grains  of  the  salt  to  an  ounce  of  water.  The 
paper  is  to  be  washed  over  with  this  solution,  dried,  then  washed  in  distilled  water,  and 
dried  again.  This  last  washing  has  the  effect  of  precipitating  iodide  of  silver  in  the 
texture  of  the  paper ;  because,  although  soluble  in  strong  solution  of  iodide  of  potas- 
sium, it  is  insoluble  in  a  weak  solution  of  the  same.  Hence  the  final  process  of 
washing,  by  converting  a  strong  into  a  weak  solution^  precipitates  the  iodide. 

ftendezing  the  Fapez  SensitiTO.— The  process  depends  upon  the  fact  made 
known  by  Sir  J.  Herschel  and  Mr.  Robert  Hunt,  that  organic  matter  promotes  the 
solar  decomposition  of  certain  silver  salts.  It  consists  in  applying  to  the  paper,  already 
iodized  as  described,  a  solution  of  gallic  acid  and  nitrate  of  silver  mixed  together,  along 
—•-tv  ^..  _  .:.     rpjjg  following  proportions  are  taken  from  an  excellent  little 


with  some  acetic  acid. 
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work,  by  Mr.  Bingham,  on  Photographic  manipulation: — '^Dissolye  100  grains  of 
crjstalliKed  nitrate  of  silyer  in  two  ounces  of  distilled  water,  to  which  add  one-sixth  of 
its  Tolume  of  strong  acetic  acid  (which  will  be  two  and  two-thirds  of  a  drachm)Tthi8 
solution  should  be  kept  in  a  bottle  excluded  from  the  light.  Now  make  a  saturated 
solution  of  gallic  acid  in  cold  distilled  water, — ^the  qiuuitity  diBSolyed  is  yery  small. 
When  some  paper  is  to  be  prepared,  five  drops  of  each  should  be  mixed  with  one  ounce 
of  distilled  water,  and  then  poured  upon  the  plate-glass,  haying  adjusted  it  by  the 
set  screws  so  that  the  solution  will  not  run  off;  the  sheet  of  iodized  paper  should 
then  be  carefully  applied  to  the  wet  sur&ce,  and  the  air-bubbles  gently  pressed  out  by 
passing  the  finger  oyer  the  back  of  the  paper.  As  soon  as  the  paper  has  ceased  to  curl 
upwards  it  should  be  remoyed  from  the  glass,  yery  gently.'pressed  between  folds  of 
blotting-paper— but  only  just  enough  to  remoye  any  shining  patches  of  moisture  on  the 
snifikce— and  then  placed  at  once  in  the  frame  of  the  camera." 

DeTelopins  the  Fictiure.-*Haying  caused  the  image  of  any  object  to  fall,  by 
means  of  a  camera,  upon  a  piece  of  paper  treated  as  already  described,  a  corresponding 
hdiographic  image  wiU  be  impressed,  although  not  yisible  until  deyeloped.  This 
deyelopment  is  effected  by  exposing  the  inyisible  picture  once  more  to  the  action  of 
gallo-nitrate  of  silyer,  then  exposing  it  to  a  gentle  heat,  such  as  that  produced  by  a  jet 
of  iteam. 

The  best  means  of  distributing  the  gallo-nittate  eyenly  oyer  the  paper's  surface  is 
by  means  of  floating,  as  already  described,  the  solution  of  gallo-nitrate  being  distributed 
oyer  a  glass  plate,  or  poured  into  a  shallow  dish,  and  the  aotiye  face  of  the  paper 
superimposed  upon  it.  Immediately  the  picture  has  become  deyeloped  it  should  be 
fixed,  by  means  of  the  process  already  described  at  page  87. 

Fietnxes  on  BEetallic  Plates  — The  Hagueneotype.— The  history  of 
Daguerreotype  is  comprehended  in  the  history  of  heliographic  representation  gene- 
rally :  hence  I  haye  already  giyen  a  slight  account  of  it.  It  now  remains  to  offer  an 
outUne  of  the  process  adopted  for  producing  these  pictures  in  modem  practice. 

'  In  the  heliographic  operations  already  described,  the  image  is  impressed  upon  a 
non-metallic  sm&ce,  usually  paper,  either  impregnated  or  ooyered  with  the  sensitiye 
material.  In  the  Daguerreotype  operation  a  plate  of  silyer  is  employed  as  the  recipient 
of  the  impression,  or,  more  properly  speaking,  a  layer  of  iodide  or  bromide  of  silyer, 
either  singly  or  mixed,  generated  by  exposing  the  plate  to  the  operation  of  these  agents. 

Thus  treated,  the  silyer  plate  becomes  extraordinarily  sensitiye  to  light ;  and  if 
placed  in  a  camera  obacura,  under  the  proper  conditions,  an  inyisible  picture  is 
impressed  upon  it,  capable  of  becoming  an  eyident  picture  when  the  proper  deyeloping 
influence  is  applied. 

The  deyeloping  agent  for  heliographic  representations  of  this  class  is  mercurial 
yapour,  which,  by  means  of  an  agency  still  yery  obscure,  brings  out  the  picture.  At 
this  stage,  howeyer,  the  representation  is  yery  easily  rubbed  off;  consequently  some 
preseryatiye  means  is  necessary,  that  most  usual  being  a  deposition  of  a  layer  of  pure 
gold  oyer  the  whole  face  of  the  picture— a  layer  thin  enough  to  be  transparent— thin 
enough  to  protect  the  Daguerreotype  image  from  any  mechanical  casualties  to  which  it 
may  be  exposed. 

Simple  though  the  yarious  operations  connected  with  the  Daguerreotype  may 
appear,  they  all  require  much  practice  for  their  successful  accomplishment. 

The  first  step  of  the  operation  consists  in  obtaining  the  silyer  surface  to  be  operated 
upon  perfectly  clean,  but  at  the  same  time  without  scratches.    This  is  usually  accom- 
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plished  by  exposing  litem  to  Hhe  frietioiL  of  zabben  or  bufiinr»  of  cotton  relyefc  or 
doeikiii,  charged  whh  oil  and  xotken-stoiLe,  tdpolz,  Ac.,  in  the  fiist  case,  and  &uiUy 
mcbft^d  -with  any  extraneous  mbstonce. 

It  is  absolutely  essential  that  the  Daguerreotype  plate  ahaU  bo  froo  ft^BL  teraXAmy 
not  iess  essential  is  it  tiiat  no  oil  should  remain.  Hence,  ▼haters  care  may  haye  been 
taken  in  polishing  the  plate  by  the  dry  buffer,  it  is  generally  necessary  to  r^no^e  err«fy 
Hngeiing  trace  of  oil  by  Hie.  operatkn  of  bur^g,  as  it  is  called ;  i.  e.,  the  pkte  being 
held  over  a  spirit  lamp  flamey  all  remaining  traees  of  oiil  are^  by  t&e  heat  thna  qp^od, 
decomposed. 

This  process  of  bnnii&g  is  one  of  eonsiderabW  ddlicaey.  If  eanied  too  iur^  «r  ned  &r 
enough^  the  pieture  is  damaged.  Nothing  bat  practical  experience  ean  assuk^  ikkt 
operator  that  he  has  made  the  proper  compromise. 

As  regards  the  methods  of  applying  friction  to  Bagnerreotype  plates^  they  are  Tmy 
nuinerous.  In  large  estahUshments  the  sur&ice  of  friction  is  fre^nartly  ik  eatvftlar 
biifier,  mcrtteally  revc^Ting,  against  the  fiat  aide  of  which  the  phifce»  are  preased. 
Amateurs  ocnztent  themaelves  vrHh  sosae  form  of  manual  opecaticm;  and,  indMd, 
whaterex  yariety  of  poHdnng  apparatos  may  be  used  in  the  first  stages,  the  lasty  teohni-^ 
eally  cdled  ^layiuf^  the  grain,"  Bmst  be  e^cted  by  hand.  It  consists  in  rubbing Hw Mr- 
face  of  the  plate  in  one  direction,  by  means  of  a  buffer,  something  in  the  shape  of  abaii^ 

&eiideriBS  tke  Ftete  SeBsHiTe.— The  original  agettt  employed  by  Mvi&agfMerre 
finr  tkts  purpose  was  iodine  yapour ;  but  the  amount  of  seaaltiyeness  thus  eomwttiaeated 
was  rery  slight  in  comparisoci  with  that  reft]:d<eing  from  many  of  the  eompo>a^  ageale 
now  employed. 

M.  Claudet,  to  whose  philotophk  inyeeligatioins  the  art  of  helio^phy  isBO.miieil- 
indebted,  was  tho  first  to(  nntiiSGr  idaet  a  aSrer  plafe^  whidr  had  i&eady  bee^iedlted, 
might  be  rendeared  still  mote  sensitire  by  exposure  to  the  action  of  chlorine«  Ottof 
inyestigations  soom  prored  that  bromine  effected  a  still  greater  snseeplihifity.  Jsk 
consequence  of  these  diseoreries,  iodine  is  at  titis  lime  nerer  used  aioae  »■  tiie  aetasi^e 
agent.  It  is  either  combined  with  ehcbrine  or  bromine ;  and  the  compound  ydpeurs 
are  either  used  at  once,  or  the  different  yapuurs  are  employed  sueeeseiyely. 

Metbod  €ii  Appljrisg  th*  fletttfSt&ve  ▼•po«x»— Whateyetr  be  the  imp^m 
emp&yyed  for  the  purpose  of  rendering  a  Baguerrcot;^  plate  seasiAiTer  ^^  wrniA  piaa 
of  aptplication  is  as  follows  : — The  solution,  eac  other  material  fixnu  which  yi^Mwr  i»  to 
be  eyoived,  being  placed  in  a  gla«s  et  porcelain  dish,  the  metallie  pkte  to  be  acted 
upon  is  attached  to  the  eorer  of  the  dish,  and  inyertcd  oyer  the  yapour,  «nti^  ote 
remoying  the  plate  from  time  to  time,  certain  cony^ational  tints  appear ;  guided  by 
these  the  operator  knows  when  the  process  has  been  carried  to  a  8«fittelit  earteftfc. 
On  the  supposition  that  the  process  el  rendering  sensitiye  is  eoadueted  by  auceeasiYe 
operations,  of  which  iodizing  is  the  first,  the  following  details  will  be  appikalde.  > 

Xodiaing.^ — A  few  crystals  of  iodine  being  evenly  distributed  over  the  bettemojf 
the  pan,  the  plate  to  be  affeeted  ia  to  bo  attaohed  to-  the  covet,  and  sup^imposed.  The 
iodine  yapour  will  now  rieey  attach  itself  to  the  silver,  smd  produce  varieua  sueeesslye 
tints  in  the  following  order : — 

Pale  yellow, 
Deep  yellow, 
Blood  red, 
Rose  colour. 
Blue. 
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The  eolanr  now  seexningly  disappears,  altlumgli  in  reality  the  plate  beccmifia  yeflow 
agaia ;  and  by  contiiiuing  fhe  operation,  the  ehromatic  series  will  be  repeated  in  its 
farmer  otder.  If  iodine  is  to  be  the  only  sensitiYe  agent  employed,  then  tiie  second 
ydhnr  eonesponds  with  the  moat  sensitiTe  epoch ;  therefore,  on  obserring  this  colour 
tiie  plate  should  be  remored.  If,  howeyer,  as  is  now  usual,  some  additional  senaitiye 
agNit  has  to  be  iqpplied,  the  operator  is  allowed  a  far  wider  range  of  oolour  to  select 
from.  The  epoch  corresponding  with  either  colour  of  the  series  may  be  selected;  bat 
eai^  requires  its  own  corresponding  tint  to  be  developed  in  the  next  operation. 

AeeelramtiMfc  of  SenaitiweneM— Bvomine. — A  plate  already  exposed  to  the 
TSpoiir  of  ioduie  has  its  sensitiyeoess  much  increased  by  subsequently  aeting  upon  it 
by  means  of  bromine.  The  most  usual  plan  of  employing  tiiis  agent  consists  in  obtaining 
sa  aqueous  solution ;  to  the  yapour  arising  from  which  the  plate  is  exposed. 

<i  Bromine  water,**  as  it  is  technically  called  in  the  language  of  Baguerceotypic  art,  is 
produeed  as  foilowa  :-* 

First  make  a  saturated  aqueous  solution  of  bronune,  by  dropping  some  of  this  body 
iato  water,  agitating,  allowing  subsidence  to  take  place,  and  finally  decanting  all  the 
water  which  remains  floating  aboye  the  yet  undissolyed  bromine.  One  part  of  this 
aolation  added  to  forty  parts  of  distilled  water  eoostitutea  the  bromine  water,  of  which 
l&e  yapour  is  employed,  by  exposing  the  already  iodized  plate  to  it  in  a  yessel  similar 
tf>  that  already  employed  in  the  iodising  proeeasw  According  to  Mr.  Bingham,  there  is 
aeorrespoDding  tint,  with  bromine  y^our  for  every  tint  already  developed  with  iodine, 
and  at  which  the  maximum  amount  of  sueeessfttl  e&ct  will  be  developed.  A  tabular 
yiew  of  these  tints  has  been  drawn  up  by  this  gentleman,  and  which  is  here  appended. 


Ist.  XoBiirE. 

BaoKiNi:. 

2nd.  loHiiK. 

Straw  Colour. 

Yellow. 

Full  Yellow. 

Light  Yellow. 

Golden  Yellow. 

Bose. 

Golden  Yellow. 

Light  Rose. 

Deep  Bose. 

BoodBed. 

Damask  Bose. 

Light  Blue. 

Damask  Bose. 

Deep  Rose. 

Blue. 

Beep  Bose. 

Light  Blue. 

Indication  of  Second 
Yellow. 

This  table  is  drawn  up  in  anticipation  of  the  tfabd  process  of  development,  not  yet 
mentioned,  and  which  consists  in  submitting  the  plate  once  more  to  the  agency  of 
iodine  vapour. 

Instead  of  using  the  bromine  and  iodine  separactely,  they  may  be  combined,  and  the 
pcoeess  of  rendering  the  piste  sensitive  concluded  at  one  operation. 

S<^d  Seiudtive  A^e&is. — A  great  disadvantage  attending  the  employment  of 
aqueous  solutions  in  Daguerreotype  operations  arises  from  the  aqueous  vapour  which 
continually  deposits  upon  the  metallic  plate.  In  order  to  obviate  this,  certain  English 
Daguerreotypists  have  recommended  the  use  of  what  are  ordinarily  termed  bromide  and 
iodide  of  lime  respectively— compounds  formed  by  bringing  hydrate  of  lime  into  direct 
contact  with  bromine  or  iodine,  and  which  are  the  analogues  to  the  so-called  '^  chloride 
of  lime.'*  These  eompounda  answer  perfeetly  well»  and  are  exclusively  used  by  some 
of  our  most  suecessful  operators. 
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Impnsslon  of  the  Image. — ^After  the  plate  has  been  rendeted  sensitiYe  by 
either  of  the  methods  already  described,  it  is  in  a  condition  for  the  image  to  be 
impressed.  This  is  accomplished  by  placing  it  in  the  camera,  and  allowing  the  deaired 
image  to  be  projected  upon  it  for  a  sufficient  time,  which  depends  upon  many  ciroom- 
stances,  such  as  the  power  of  sensitiveness  acquired,  the  latitude,  time  of  the  year,  time 
of  the  day,  and  colour  of  the  object  to  be  represented.  Twelve  seconds  may  be,  how- 
ever, regarded  as  a  medium. 

Mexcuiialixatlon.— When  the  plate  is  removed  firom  the  camera,  no  image  will 
be  visible,  although  impressed.  It  is  developed  by  exposing  the  plate  to  vapour  of  mer- 
cury, generated  at  a  temperature  not  exceeding  200*" ;  by  preference,  at  a  tempera- 
ture of  150*. 

The  apparatus  for  conducting  this  operation  has  been  variously  modified  to  suit  the 
taste  of  d^erent  operators :  in  principle,  however,  it  is  exceedingly  simple,  merely 
consisting  of  a  chamber,  on  the  floor  of  which  a  little  mercury  is  deposited,  and  heat 
applied  externally,  until  the  desired  temperature  (known  by  a  thermometer,  the  bulb 
of  which  sinks  into  the  mercury,  and  the  stem  of  which  appears  extenudly)  has  been 
acquired. 

Bemowing  the  Sxoees  of  SensitlTe  Coating.— As  soon  as  the  development 
of  the  picture  has  been  completed,  the  excess  of  sensitive  coating  remaining  upon  it 
must  be  removed,  which  is  accomplished  by  washing  it  with  an  aqueous  solution  of 
hyposulphite  of  soda,  and  finally  with  distilled  water.  The  proper  strength  of  the 
hyposulphite  solution  is  one  ounce  of  the  salt  to  a  pint  of  water.  The  process  is  con- 
ducted by  plunging  the  plate,  face  upwards,  into  the  solution,  already  poured  into  a 
porcelain  dish ;  then  removing  it,  and  finally  washing  with  distilled  water. 

CHlding  the  Plate. — ^There  are  two  plans  of  accomplishing  this— either  by 
means  of  the  hyposulphite  of  gold,  or  by  a  mixture  of  chloride  of  gold  and  hyposul- 
phite of  soda.  The  usual  strength  of  hyposulphite  of  gold  is  fifteen  grains  to  a  pint  or 
water.  If  hyposulphite  of  soda  and  chloride  of  gold  be  used,  the  solution  is  to  be  pre- 
pared as  follows : — 

Dissolve  15  grains  of  crystallized  chloride  of  gold  in  a  pint  of  distilled  water,  and 
45  grains  of  hyposulphite  of  soda  in  another  pint ;  next  incorporate  the  mixtores 
gradually  by  pouring  the  chloride  into  the  hyposulphite.  The  operation  of  gilding  is 
conducted  by  placing  the  plate  fiat,  and  pouring  upon  the  impressed  face  sufficient  of 
the  liquid  to  cover  it.  The  flame  of  a  spirit-lamp  is  now  very  cautiously  applied 
underneath.  Presently  the  image  will  turn  blackish ;  but  gradually  recovering  its 
lustre,  will  become  fiir  more  brilliant  than  before.  It  is  now  to  be  seized  at  one 
comer  by  means  of  a  pair  of  pliers,  washed  with  distilled  water,  and  carefully  dried. 
The  safest  plan  of  drying  consists  in  dipping  the  plate  into  hot  distilled  water,  suddenly 
removing  it,  and  promoting  evaporation  by  blowing  upon  its  surface. 

Oeneval  Chemical  Effects  of  Non-Caloiifie  Radiant  Hatter.— The 
subjects  of  Calotype  and  Daguerreotype  have  been  enlarged  upon  because  of  their 
practical  importance,  rather  than  in  consequence  of  their  affording  any  precise  indica- 
tions of  their  immediate  cause.  To  aver  that  these  phenomena  are  dependent  upon  some 
chemical  agency,  manifested  by  the  sunbeam,  is  only  to  express  a  fact. 

I  shall  conclude  the  subject  by  noticing  a  few  of  the  instances  in  which  the  solar 
rays  affect  chemical  decomposition. 

It  is  well  known  to  gardeners  and  agriculturists  that  growing  vegetables  require  to 
be  exposed  to  light.    Most  probably,  the  expression  should  be  modified  to  "  actinism,"  or 
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"  tithonicity."  Vegetables  which  grow  in  darkness  are  never  vigorous ;  more  or  less, 
their  natural  secretions  are  modified,  and  their  colour  altered ;  their  structure,  too,  is 
watery.  Under  those  circumstances,  they  do  not  appear  to  have  been  able  to  decompose 
carbonic  acid  and  fix  the  carbon  necessary  to  their  sustenance.  A  knowledge  of  these 
circumstances  lies  at  the  basis  of  many  horticultural  operations.  Celery  and  endive  axe 
rendered  delicate  by  studiously  protecting  them  from  the  light  For  the  same  reason, 
the  interior  of  a  cabbage  is  white.  Kot  only  is  there  a  difference  in  the  colour  of 
vegetables  thus  circumstanced;  there  are  also  differences  of  chemical  composition. 
The  secretions  are  all  modified.  Thus,  wild  celery  is  rank  and  somewhat  poisonous, 
garden  celery  is  innocuous,  wild  sea-]bde  is  so  disagreeable  to  the  taste  that  it  could  not 
be  eaten  without  disgust — cultivated  sea-kale  is  tender,  and  almost  insipid.      / 

Although  the  general  influence  of  solar  rays  on  vegetable  life  is  so  well  known,  the 
immediate  mode  of  agency  of  the  power — "  actinism,"  "  tithonicity,"  "energia,"  or 
whatever  we  may  call  it — is  still  unknown. 

Mr.  Robert  Hunt,  who  has  devoted  so  much  of  his  attention  to  the  study  of  non- 
calorific  non-luminous  radiant  matter,  has  arrived  at  some  curious  deductions  relative 
to  the  influence  of  solar  rays  on  vegetables.  He  finds  that  yellow^ light  is  more 
imfavourable  than  any  other  to  vegetation — blue  or  violet  the  most  favourable.  Now 
it  has  been  already  shown  that  these  colours  correspond  with  the  maximum  and  mini- 
mum chemical  effect  in  heliographic  processes. 
«-  Passing  from  the  natural  chemical  operations  of  horticulture  and  agriculture  to 
those  of  the  laboratory,  abundant  instances  can  there  be  shown  of  the  infiuence  of 
chemically-acting  radiant  matter.  Chlorine  and  hydrogen  gases  may  be  retained  mixed 
in  the  dark  for  an  almost  indefinite  period ;  exposed  to  diffuse  light,  a  slow  combination 
takes  place, — ^but  if  exposed  to  the  broad  glare  of  sunlight,  then  combination  ensues 
with  such  readiness  that  an  explosion  is  the  result.  Moreover,  it  is  a  curious  fact, 
that  if  chlorine  be  exposed  to  the  action  of  the  simbeam,  and  afterwards  mixed  with 
hydrogen,  it  will  have  acquired  the  power  of  combining  with  the  latter. 

Chlorine  and  carbonic  acid  furnish  another  parallel  instance.  If  allowed  to  remaia 
in  contact  in  the  dark,  these  gases  will  not  unite  ;  but  mixed  and  exposed  to  sunlight, 
combination  ensues,  and  phosgen  gas,  as  it  is  called,  with  reference  to  the  cause  of  its 
generation,  results.  Sir  Robert  Kane  has  mentioned,  in  addition  to  the  above,  two  very 
curious  instances  of  chemical  action  promoted  by  solar  beams.  In  the  dai-k,  or  a 
moderately  darkened  room,  chlorine  exerts  scarcely  any  action  on  pyroxylic  spirit ; 
whereas,  in  sunshine,  combination  ensues  with  explosive  violence.  But  the  second, 
and  still  more  curious  exemplification  mentioned  by  Sir  Robert  Kane,  is  the  follow- 
ing:— 

When  that  gentleman  was  in  Paris,  operating  in  concert  with  Professor  Bumas,  he 
tnicceeded  in  removing,  by  means  of  chlorine,  two  equivalents  of  hydrogen  from 
acetone,  changing  it  from  the  original  composition,  indicated  by  the  formula  C,  H3  0, 
to  a  chlorine  compound  indicated  by  C3  H  Cl^  0.  On  no  occasion,  however — even  during 
the  height  of  summer,  when  operating  at  Dublin— could  he  succeed,  by  a  similar  treat- 
ment, in  removing  more  than  one  equivalent  of  hydrogen,  and  generating  the  com- 
pound indicated  by  C3  H,  CI  0. 

The  foregoing  examples  will  serve  to  impress  the  student  with  the  importance  of 
that  connexion,  yet  but  ill  understood,  sub^ting  between  chemical  action  and  that 
peculiar  associate  of  light  which  has  been  termed  by  different  chemists  actinism, 
tithonism,  and  energia. 
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EPIPOLIC  DISPERSION   OF  LIGHT. 


Zttuninous  Syipolic  Disperaion. — ^The  term  epipolic  dispersion  W93  fitnA 
applied  by  Sir  John  Herschel  to  indicate  a  aeries  of  phenomena  which  have  also  been 
studied  by  Sir  David  Brewster,  but  still  more  carefoUy  by  Professor  Stokes  of  Cam- 
bridge. This  latter  philosopher  has  arrived  at  some  very  important  condusioiis 
relatLve  to  the  class  of  phenomena  in  question ;  the  most  striking  of  which  being,  that 
the  prismatic  spectrum  is  not  composed  of  the  three  different  agents,  heat,  light,  and 
actinism,  but  probably  two,  light  and  actinism  being  different  fimctionB  of  the  flame ; 
and  it  may  be  that  even  the  heating  part  of  the  spectrum  is  only  a  third  vatiety  of 
manifestation  of  one  and  the  same  agent. 

In  anticipation  of  the  experimcats  by  which  Professor  Stokes  arrives  at  his  conclu- 
sions, it  may  be  here  stated  that  he  imagines  his  investigations  wairant  the  eondusitm 
that  the  refrangibility  of  light  for  each  colour  is  not  fixed  and  invariable  as,  sinfie  the 
time  of  Newton,  has  been  universally  imagined,  but  that  light  of  one  colour  admits  of 
being  changed,  under  certain  circumstances,  into  light  of  another  colour ;  and,  mwpe 
curiously  still,  that  the  actinic  or  non-luminous  part  of  the  priamatic  spectrum  admits, 
under  certain  circumstances,  of  being  rendered  visible. 

The  phenomenon  to  which  the  attention  of  Sir  J.  Herschel  was  first  directed  in 
relation  to  epipolic  dispersion  of  light  is  one  that  most  persona  will  have  notioed.  If  a 
weak  solution  of  pharmaceutical  disulphate  of  quinine  in  water,  slightly  acidulated  with 
sulphuric  acid,  be  regarded  under  certain  conditions  of  daylight,  a  peculiar  blue  opalsa- 
cence  will  be  observed  to  pervade  its  surface,  and  to  extend  a  short  way  down  into  its 
bulk ;  but  if  the  light,  which  has  once  been  transmitted  through  a  solution  of  sulphate 
of  quinine,  be  made  to  impinge  on  another  solution  precisely  similar  in  all  respects,  th^ 
original  phenomenon  will  not  be  repeated,*~thus  leading  to  the  inference  that  (to  use  it 
popular  expression)  some  peculiar  quality  of  the  light  has  been  removed,  or  strained 
away. 

In  one  experiment  performed  by  Sir  J.  Herschel,  in  which  sunlight  was  used, 
a  pale  blue  fiame  extended  to  nearly  half  an  inch  from  the  surface.  As  regards  the 
dispersed  light,  this,  when  analyzed  by  a  prism,  was  found  to  consist  of  rays  extending 
over  a  great  range  of  refrangibility;  the  less  refrangible  extremity,  however,  of  the 
spectrum  was  wanting.  The  dispersed  light,  on^  being  analyzed  by  a  tourmaline^ 
showed  no  signs  of  polarization.  Another  experiment  showed  that  the  dispersed 
light  was  perhaps  incapable,  at  any  rate  nc^  peculiarly  susceptible,  of  being  again 
dispersed. 

Such  is  the  nature  of  the  phenomenon  as  evidenced  by  a  solution  of  disulphate  of 
quinine ;  numerous  other  bodies,  however,  both  solid  and  liquid,  manifest  a  similar 
property.  Some  time  before  the  attention  of  Sir  John  Herschel  had  been  drawn  to 
the  peculiar  phenomena  of  blue  epipolic  dispersion  in  a  quiniferous  solution.  Sir  David 
Brewster  had  noticed  a  peculiar  exhibition  of  red  Ught  by  certain  green  vegetable 
solutions — ^the  green  matter  of  leaves,  for  example.  In  this  case  the  colour  is  not 
limited  to  a  thin  stratum  of  the  surface,  as  is  the  case  with  a  quiniferous  liquid ;  but 
Professor  Stokes,  nevertheless,  considers  it  to  be  a  phenomenon  of  the  same  kind.  In 
both  cases  the  curious  point  for,  contemplation  was  this : — A  ray  of  light  by  passing 
across  a  stratum  of  liquid  was  deprived  of  the  power  to  reproduce  the  original  effect^ 
stiU,  in  no  other  respect  did  it  appear  to  be  altered.  "  I  found  myself  therefore,^' 
remarks  Professor  Stokes, ''  fairly  driven  to  suj^se  that  the  change  of  nature  consisted 
in  a  change  of  refrangilHlity.  Ftom  the  time  of  Newton  it  had  been  beUered  ih«jt 
light  retains  its  refrangibility  through  all  the  modifications  which  it  may  undergo.  I 
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Nevertiieleig,  it  seezoed  to  me  law  improbAUe  that  tlM  ie&ftDgiJi)ility  of  light  .diould 
have  ehianged,  than  ike  unduktory  theory  shouU  have  remained  at  fault.  We  have 
only  to  suppose  that  the  invisible  rays  beyond  the  extreme  violet  give  rise,  by  internal 
dispersion,  to  others  whioh  faU.  within  the  limits  of  refetngibiHty,  betireen  whieh  the 
retina  of  the  human  eye  is  affected,  and  the  explaaation  is  obvious.  The  narrowness 
of  the  blue  band  obsorved  by  Sir  John  Hcrschd.  would  merely  indicate  that  the  fluid, 
though  highly  transparent  with  regard  to  th^e  visible  rays,  was  nearly  opaque  with 
regai*d  to  the  invisible  ones.  According  to  the  law  of  continuity,  the  passage  from 
almost  perfect  transparency  to  a  high  state  of  opacity  would  not  take  place  abruptly. 
We  should  thus,  too,  have -an  immediate  explanation  of  a  remarkable  circumstance 
connected  with  the  blue  band — namely,  that  it  can  hardly  be  seen  in  strong  candle- 
light, though  readily  seen  by  even  weak  daylight ;  for  candle-light,  as  is  well  known, 
is  deficient  in  the  chemical  rays  situated  beyond  the  extreme  violet." 

Although  a  solution  of  disulphate  of  quinine  is  the  body  in  which  the  phenomena 
of  internal  luminous  dispersion  were  first  studied,  it  is  by  no  means  tiie  <mly  one ;  nor 
is  it  even  that  in  which  the  phenomenon  in  question  is  most  strikingly  developed.  The 
following  list  comprehends  the  substances  in  which  the  quality  of  internal  luminouB 
dispersion  is  most  observable  : — 

LIST  OP   HIGHLY  SENSITIVE  STJBSTANCES. 

Glass,  coloured  by  peroxide  of  ursmum,  yellow  uranite,  nitrate  or  acetate  of  the 
pefonde.  Probably  various  other  salts  of  the  peroxide  would  do  as  weU.  The 
absorptioii  bands  of  the  salts,  whether  sensitive  or  not,  of  peroxide  of  uranium,  ought  to 
be  studied  in  connexion  with  the  change  of  refrangibility. 

A  solution  of  the  green  colouring  matter  of  leaves  in  alcohol.  To  obtain  a  solution 
which  wiU  keep,  it  is  well  previously  to  steep  the  leaves  in  boiling  water.  The 
alcohol  should  not  be  left  permanently  ia  contact  with  the  leaves,  unless  it  be  wished 
to  observe  the  changes  which,  in  that  case,  take  place ;  but  poured  off  when  the 
strength  of  the  solution  is  thought  sufficient.  Also  the  solution,  when  out  of  use, 
must  be  kept  in  the  dark, 

A  weak  solution  of  the  bark  of  the  horse-chestnut. 

A  weak  solution  of  sulphate  of  quinine— •*.  e.,  a  solution  of  the  common  disulphate, 
in  very  weak  sulphuric  acid.  Various  other  salts  of  quinine  are  nearly,  if  not  quite, 
as  good. 

Fluor  spar  (a  certain  green  variety). 

Bed  sea- weeds,  of  various  shades ;  a  solution  of  the  red  colouring  matter  ia  cold 
water.    If  a  solution  be  desired,  a  sea-weed  must  be  used  whioh  has  never  been  dried. 

A  solution  of  the  seeds  of  Datura  stramonium  in  alcohol,  not  too  strong. 

Various  solutions  obtained  from  archil  and  litmus. 

A  decoction  of  madder  in  a  solution  of  alum. 

Paper  washed  with  a  pretty  strong  solution  of  sulphate  of  quinine,  or  with  a  solu- 
tion of  stramonium  seeds,  or  with  tincture  of  turmeric.  The  sensibility  of  the  last 
paper  is  increased  by  washing  it  with  a  solution  of  tartaric  acid.  This  paper  ought  to 
be  kept  in  the  dark. 

A  solution,  not  too  strong,  of  guiacum  in  alcohol. 

Safflower-red,  scarlet  cloth,  substances  dyed  red  with  madder,  and  various  other  dyed 
ftrtides  in  common  use. 


Digiti 


zed  by  Google 


96  EPIPOLIC  DISPERSION. 


Many  of  the  solutions  here  mentioned  are  mixtures  of  varioiis  compounds.  Of 
course  if  the  sensitire  substance  can  be  obtained  chemically  pure  it  will  be  all  the 
better. 

The  following  are  the  chief  deductions  which  have  been  arrived  at  from  a  consi- 
deration of  Professor  Stoke's  experiments :— 

1.  In  the  phenomena  of  true  internal  dispersion,  the  refrangibility  of  light  is 
changed,  incident  light  of  definite  refrangibility  giving  rise  to  dispersed  light  of 
various  refrangibilities. 

2.  The  refrangibility  of  the  incident  light  is  a  superior  limit  to  the  refrangibility 
of  the  component  parts  of  the  dispersed  light. 

3.  The  colour  of  light  is  in  general  changed  by  internal  dispersion,  the  new  colour 
always  changing  to  the  new  refrangibility.  It  is  a  matter  of  perfect  indifference 
wheliier  the  incident  rays  belong  to  the  visible  or  invisible  part  of  the  spectrum. 

4.  The  nature  and  intensity  of  the  light  dispersed  by  a  solution  apt>ears  to  be 
strictly  independent  of  the  state  of  polarization  of  the  incident  rays.  Moreover, 
whether  the  incident  rays  be  polarized  or  unpolarized,  the  dispersed  light  offers  no 
traces  of  polarization.  It  seems  to  emanate  equally  in  all  directions,  as  if  the  fluid 
were  self-luminous. 

5.  The  phenomenon  of  a  change  of  refrangibility  proves  to  be  extremely  common, 
especially  in  the  case  of  organic  substances,  such  as  those  ordinarily  met  with,  in 
which  it  is  almost  always  manifested  to  a  greater  or  less  degree. 

6.  It  affords  peculiar  facilities  for  the  study  of  the  invisible  rays  of  the  spectrum 
more  refrangible  than  the  violet,  and  of  the  absorbing  action  of  media  with  respect  to 
them. 

7.  It  furnishes  a  new  chemical  test  of  remarkably  searching  character,  which  seems 
likely  to  prove  of  great  value  in  the  separation  of  organic  compoimds.  The  test  is  spe- 
cially remarkable  for  this,  that  it  leads  to  the  independent  recognition  of  one  or  more  sen- 
sitive substances  in  a  mixture  of  various  compounds,  and  shows  to  a  great  extent,  before 
such  substances  have  been  isolated,  in  what  menstrua  they  are  soluble,  and  with  what 
agents  they  enter  into  combination.  Unfortunately,  these  observations,  for  the  most 
part,  require  sunlight. 

8.  The  phenomena  of  internal  dispersion  oppose  fresh  difficulties  to  the  supposition 
of  a  difference  of  nature  in  luminous,  chemical,  and  phosphorogenic  rays,  but  are 
perfectly  conformable  to  the  supposition  that  the  production  of  light,  of  chemical 
changes,  and  of  phosphoric  excitement,  are  merely  different  effects  of  the  same  cause. 
The  phosphorogenic  rays  of  an  electric  spark,  which,  as  is  already  known,  are  inter- 
cepted by  glass,  appear  to  be  nothing  more  than  invisible  rays  of  excessively  high 
refrangibility,  which  there  is  no  reason  for  supposing  to  be  of  a  different  nature  from 
the  rays  of  Ught. 

The  reader  who  desires  further  information  relative  to  this  novel  and  curious 
subject  will  find  it  treated  at  greater  length,  and  in  a  more  practical  manner,  in  the 
volume  of  Applied  Chemistet,  which  will  succeed  this  volume. 
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OP  HEAT  OE  CALOEIC. 

Geneial  Observations  on  Heat.— When  we  apply  the  hand  to  a  body  which 
is  hotter  than  itself,  we  are  sensible  of  a  peculiar  feeHng,  which  we  agree  to  call  the 
sensation  of  heat.  At  the  same  time  we  observe,  in  almost  all  bodies  that  are  placed  in 
the  same  situation  with  the  hand,  certain  effects,  the  most  remarkable  of  which  is  an 
enlargement  of  their  dimensions.  These  circumstances,  with  very  few  exceptions,  so 
constantly  accompany  each  other,  that  we  can  have  no  hesitation  in  referring  them  to 
one  and  the  same  cause.  Of  the  nature  of  this  cause  we  have  no  satisfactory  evidence ; 
and  we  are  unable  to  demonstrate  either  that  it  consists  in  any  general  quality  of  bodies, 
or  that  it  resides  in  a  distinct  and  peculiar  kind  of  matter.  The  opinion,  however, 
which  best  explains  the  phenomena  is  that  which  ascribes  them  to  an  extremely  subtile 
fluid,  of  so  refined  a  nature  as  to  possess  no  sensible  weight,  and  to  be  capable  of 
insinuating  itself  between  the  particles  of  the  most  dense  and  solid  bodies.  To  this 
fluid,  as  well  as  the  sensation  which  it  excites,  the  term  heat  was  formerly  applied. 
But  there  was  thought  to  be  an  obvious  impropriety  in  confounding  under  one  appella- 
tion two  things  so  distinct  as  a  sensation  and  its  cause ;  and  the  term  caloric^  first 
proposed  by  Lavoisier,  is  now  frequently  adopted  to  denote  the  eattse  of  heat  Occa- 
sionally, however,  in  order  to  avoid  too  frequent  repetition  of  the  same  word,  the  term 
heat  is  still  employed  in  a  more  extensive  sense,  to  express  not  only  the  sensation  which 
it  usually  denotes,  but  also  some  of  the  modifications  of  caloric ;  and  as  the  context 
generally  shows  in  which  sense  the  term  is  to  be  understood,  I  shall  not  scruple  to  use 
it  in  both. 

Caloric,  so  far  as  its  chemical  agencies  'are  concerned,  may  be  chiefly  considered 
imder  two  views — ^as  an  antagonist  to  the  cohesive  attraction  of  bodies,  and  as  concurring 
with  and  increasing  elasticity.  By  removing  the  particles  of  any  solid  to  a  greater 
distance  from  each  other,  their  cohesive  attraction  is  diminished;  and  one  of  the 
principal  impediments  to  their  union  with  other  bodies  is  overcome.  On  the  other 
hand,  caloric  may  be  infused  into  bodies  in  such  quantity  as  not  only  to  overcome 
cohesion,  but  to  pliace  their  particles  beyond  the  sphere  of  mutual  attraction.  Thus, 
in  the  class  of  substances  called  gases,  the  base  or  ponderable  ingredient,  whether  solid 
or  'liquid,  is  dissolved  in  so  much  caloric,  that,  with  few  exceptions,  the  bases  of 
different  gaseous  bodies  do  not  unite  by  simple  mixture  of  the  gases  themselves.  But 
if  of  two  gases  we  employ  either  one  or  both  in  a  state  of  great  condensation,  the 
gravitating  matter  of  both  unites,  and  forms  a  new  compound.  Hydrogen  and  nitrogen 
gases,  for  example,  may  be  mingled  together,  in  the  proportions  adapted  to  form 
ammonia,  without  any  production  of  that  compound.  But  if  hydrogen,  in  what  has 
been  called  its  nascent  state  (that  is,  before  it  has  acquired  an  atmosphere  of  heat,  and 
become  gaseous),  be  brought  into  contact  with  nitrogen  gas,  ammonia  is  then  generated. 
la  many  cases,  also,  when  two  bodies  are  combined  together,  one  of  which  is  fixed,  and 
tho  other  becomes  elastic  by  union  with  caloric,  we  are  able,  by  its  interposition  alone, 
to  effect  their  disunion.  Thus  carbonate  of  lime  gives  up  its  carbonic  acid  by  the 
mere  application  of  heat. 

"We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the  action  of  two  opposite 
forces — ^the  mutual  attraction  of  their  particles  on  the  one  hand,  and  the  repulsive  power 
of  caloric  on  the  other ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or 
the  other  of  these  forces  prevails.    "Water,  by  losing  caloric,  has  its  cohesion  so  much 
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increased,  that  itassumes  the  solid  form  of  ice ;  adding  caloric,  we  diminish  its  cohe- 
sion, and  again  render  it  fluid ;  and  finally,  by  a  fttiU  further  addition  of  caloric,  we 
change  it  into  vapour,  and  give  it  so  much  elasticity,  that  it  may  be  rendered  capable 
of  bursting  the  strongest  vessels.  In  many  liquids,  the  tendency  to  elasticity  is  even 
so  great,  that  they  pass,  at  common  temperatures,  to  the  gaseous  form,  by  the  mere 
removal  of  the  weight  of  the  atmosphere. 

Caloric,  like  all  other  bodies,  may  exist  in  two  different  states — in  a  state  of  free- 
dom, and  in  a  state  either  of  combination  or  of  something  nearly  resembling  it.  In 
the  former  state  it  is  capable  of  exciting  the  sensation  of  heat,  and  of  producing  expan- 
sion in  other  bodies.  To  this  modification  the  terms  free  or  undomhined  calorie,  or  caloric 
of  temperature,  have  been  applied.  By  the  term  temperature,  we  are  to  understand  the 
state  of  a  body  relatively  to  its  power  of  exciting  the  sensation  of  heat,  and  occasioning 
expansion ;  effects  which,  in  all  probability,  bear  a  proportion  to  the  quantity  of  free 
caloric  in  a  given  space,  or  in  a  given  quantity  of  matter.  Thus,  what  we  call  a  high 
temperature  may  be  ascribed  to  the  presence  of  a  large  quantity  of  free  caloric ;  and  a 
low  temperature  to  that  of  a  small  quantity.  "We  are  unacquainted,  however,  with  the 
extresoes  of  temperature ;  and  may  compare  it  to  a  chain,  of  which  a  few  of  the  middle 
links  only  are  exposed  to  our  observation,  while  its  extremities  are  far  removed  from 
out  view. 

The  degree  of  expansion  produced  by  caloric,  it  will  afterwards  appear,  bears  a 
sufficient  proportion  to  its  quantity  to  afford  us  a  means  of  ascertaining  the  latter  with 
tolerable,  though  not  perfect  accuracy.  In  estimating  temperature,  indeed,  out  senses 
are  extremely  imperfect ;  for  we  compare  our  sensations  of  heat,  not  with  any  fixed  or 
uniform  standard,  but  with  those  sensations  of  which  we  have  had  immediately  previotis 
experience.  The  same  portion  of  water  wiH  feel  warm  to  one  hand  removed  from 
contact  with  snow,  and  cold  to  the  other  hand  which  has  been  heated  before  the  fire. 
To  convey,  therefore,  any  precise  notion  of  temperature,  we  are  obliged  to  describe  the 
degree  of  expansion  produced  in  some  one  body,  which  has  been  previously  agreed  upon 
as  ft  standard  of  comparison.  The  standard  most  commonly  employed  is  a  quantity  of 
quicksilver,  contained  in  a  glass  ball,  which  terminates  in  a  long  narrow  tube.  This 
instrument,  called  a  thermometer,  is  of  the  most  important  use  in  acquiring  and  recording 
out  knowledge  of  the  properties  and  laws  of  caloric.  The  thermometer,  however,  it 
must  be  obvious,  is  no  otherwise  a  measurer  of  the  quantity  of  caloric  than  as  it  ascer- 
tains the  amount  of  one  of  its  principal  effects.  In  this  respect,  it  stands  in  much  the 
same  predicament  as  the  hygrometers  of  Saussure  or  Deluc,  when  considered  as  means 
of  determining  the  nioisture  of  the  atmosphere.  These  last  instruments,  it  may  be 
remembered,  are  composed  of  some  substance  (such  as  a  human  hair  or  a  slip  of  whale- 
bone) which  is  lengthened  by  a  moist  atmosphere,  and  contracted  by  a  dry  one ;  and  in 
a  degree  proportionate  to  the  moisture  or  dryness.  But  aH  the  information  which 
hygrometers  of  this  sort  give  us  is  the  degree  of  moisture  between  certain  points  that 
form  the  extremities  of  their  scales ;  and  they  are  quite  incompetent  to  measure  the 
absolute  quantity  of  watery  vapour  in  the  air. 

In  explaining  those  properties  and  laws  of  caloric  which  hate  become  known  to  us 
by  means  of  the  thermometer,  it  appears  a  suficiently  natural  division  of  the  subject  to 
describe,  firstly,  those  effects  which  caloric  produces,  without  losing  its  properties  of 
exciting  the  sensation  of  heat  and  occasioning  expansion ;  and,  secondly,' those  agencies 
in  which  its  characteristic  properties  are  destroyed,  and  in  which  it  ceases  to  be 
cognizable  by  our  senses  or  by  the  thermometer. 
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Thft  «r|NnwM»  or  HhtaUtn  of  bodies,  it  iriil  ti>pMDEy  is  aa  almost  imiyersal 
effect  0f  aa  incceaae  oi  teii^ratiure.  Iti  amount,  however,  is  not  the  same  in  all 
l)o4ii^  bat  difibra  very  csaeAtiatty.  By  the  same  increase  of  temperature,  liquids 
m^iwA  mor&  than  aoUds^  and  aeiiform  bodiea  much  more  than  either.  Nor  is  the  same 
^isairtity  of  «xp8&siofi.  efieoted  in  the  wtm  aolid  or  liquid,  at  all  temperatures,  by  adding 
Bimilas  ^nastitales  of  heat ;  ibr^  genemlly  speaking,  bodies  expand  by  equal  increments 
of  oalorie,  nove  in  hig^  than  in  low  tempsrstures.  The  explanation  of  this  fact  is,  that 
Uie  force  opposiDg  czpansioiL  (vuk  coheaoa)  is  diminished  by  the  interposition  of  caloric 
between  the  portieles  of  bodies ;  and,  therefore,  when  equal  quantities  of  caloric  are 
aidded  m  sueoewiQii,  the  last  portions  ateet  with  less  resistance  to  their  expansive  force 
tban  the  lint.  In  gases^  wbiek  are  destttnte  of  cohesion,  equal  increments  of  heat 
^^^esir,  on  the  ootntrary,  i»  be  attended  with  Zbsarly  equal  augmentations  of  bulk* 

An  important  pmupeciy  of  £ree  eal(»ioy  the  knowledge  of  which  has  been  acquired 
by  means  of  the  thermometer,  is  its  tendency  to  an  equilibrium.  Twenty  or  thirty 
different  bodies,  for  instance,  all  unequally  heated,  soon  arrive,  when  exposed  in  a  still 
atmosphere,  at  an  equality  of  temperature.  When  a  heated  ball  of  iron  is  exposed  to 
the  open  air,  the  ealoric,  which  is  aceumtdated  in  it,  flows  out ;  and  the  temperature 
of  HiQ  ball  is  gradually  reduced  to  that  of  the  surrounding  medium.  This  is  owing  to 
two  distinct  causes :  the  air  immediately  surrounding  the  ball  acquires  part  of  the 
caloric  which  escapes ;  and,  having  its  buB:  increased,  is  rendered  speciflcaUy  lighter, 
and  ascends.  This  is  succeeded  by  a  cooler  and  heavier  portion  of  air  ftom  above, 
which  in  its  turn  is  exx>anded,  and  carries  off  a  second  quantity  of  caloric.  Hence  a 
considerable  part  of  the  ealoric,  whi(ji  is  lost  by  a  heated  body,  is  conveyed  away  by 
the  ambient  air->a  property  of  wliidi  advantage  is  taken  in  the  warming  and  ventilating 
of  apartments.  But  the  refrigeration  camtot  be  wholly  explained  on  this  principle ;  for 
it  has  been  long  known  that  heated  bodies  cool,  though  with  less  cdierity,  under  the 
eachatisted  receiver  of  an  air-ptimp,  and  efen  in  a  Torricellian  vacuum. 

When  the  phenomena  accompanying  the  cooling  of  bodies  are  accurately  examined, 
it  is  fotmd  that  a  part  of  the  caloric  which  escapes  moves  through  the  atmosphere  with 
immeasarable  velocity.  In  an  eiperiment  of  M.  Pictet,  no  perceptible  interval  took 
place  between  the  time  at  wMeh  caloric  quitted  a  heated  body,  and  its  reception  by  a 
thermometer  at  the  distance  of  sixty-nine  feet.  It  appears  also,  from  the  experiments 
of  the  same  philosopher,  to  move  with  equal  ease  in  all  directions,  and  not  to  be  at  aU 
diverted^  from  its  course  by  a  strong  current  of  air  meeting  it  transversely.  Hence  it 
follows  that  the  propagation  of  caloric,  in  this  state  of  rapid  movement,  does  not  depend 
on  my  agency  of  the  medram  through  which  it  passes.  This  was  satisfactorily  proved 
by  Sir  H.  Davy,  who  contrived,  by  means  of  the  apparatus  represented  on  the 
fbHowifig  page,  to  efibct  the  racBation  of  heat  in  vacuo.  Between  the  points  of  two 
wires,  indesed  in  gkss  tabes,  which  passed  through  a  brass  plate,  was  placed  a  piece  of 
charcoal,  which  was  intensely  ignited  by  voltaic  electricity,  and  the  effect  of  radiation 
in  the  focus  of  the  lower  conca>ve  mirror  was  ascertained  by  a  delicate  thermometer, 
first  when  the  receiver  was  full  of  air,  and  next  when  it  was  exhausted  to  -Yhs*  ^  t^o 
latter  case,  the  effect  of  radiation  was  foimd  to  be  three  times  greater  than  in  an 
atmosphere  of  common  density.  The  greater  rise  of  the  thermometer  in  vacuo  than  in 
air  is  to  be  ascribed  to  the  conducting  power  of  the  latter ;  for  this  conducting  power, 
by  redueing  the  temperature  of  the  heated  body,  has  a  c4Mistant  tendency  to  diminish 
the  activity  of  radiation,  which  is  always  proportional  to  the  excess  of  temperature  of 
the  heated  body  above  that  of  the  snitoonding  medium. 
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Heat  is  inyisiblc,  and  deyoid  of  weight.    The  latter  proposition  may  be  demonstrated 

by  weighing  a  portion  of  oil  of  vitriol  and 
another  of  water,  mixing  the  two,  when  great 
heat  will  be  developed.  Allowing  the  mixture 
to  cool,  and  finally  weighing  it  when  cold,  the 
weight  will  not  be  altered.  It  is  elastic  and 
repulsive;  hence  two  heated  bodies,  placed 
under  the  vacuum  of  an  air-pump,  and  admit- 
ting of  free  motion,  repel  each  other.* 

Another  and  more  elegant  means  of  demon- 
strating the  same  fact  was  pointed  out  by 
Professor  Baden  Powell.  It  is  as  follows :— If 
a  lens  be  laid  with  its  convexity  on  a  glass  plate, 


V^iyiftfragii^ffirO 


E 


and  the  eye  directed  vertically  upon  it,  coloured 
rings  will  be  seen  dependent,  as  was  shown  in 
the  chapter  on  light,  upon  the  varying  approxi- 
mation of  the  lenticular  convexity  to  the  glass 
plane.  If  the  combination  be  heated,  the 
colours  of  the  rings  wiU  change,  proving  that 
repulsion  has  taken  place. 

like  light,  heat  appears  to  be  transmitted 
in  parallel  rays ;  and  when  thus  in  motion,  it 
has  been  called  radiant  caloric  The  compara- 
tive quantities  of  qalorio  lost  by  radiation  and 
by  conduction  may  be  approximated  by  observing  what  time  a  body  takes  to  cool, 
through  the  same  number  of  degrees,  in  air  and  in  vacuo.  By  experiments  of  this  kind, 
Dr.  Franklin  thought  he  had  ascertained  that  a  body,  which  requires  five  minutes  in 
vacuo,  will  cool  in  air,  through  the  same  number  of  degrees,  in  two  minutes.  Count 
Rumfoid's  experiments  with  a  Torricellian  vacuiun  give  the  proportions  of  five  in 
vacuo  to  three  in  air.  It  will,  perhaps,  not  be  very  remote  from  the  truth,  if  it  be 
stated,  in  general  terms,  that  one  half  of  the  caloric  lost  by  a  heated  body  escapes 
by  radiation,  and  that  the  rest  is  carried  off  by  the  ambient  atmosphere. 

The  rate  of  cooling  in  air  appears  to  bear  a  proportion  to  the  elevation  of  temperature 

1  of  a  body  above  that  of  the  surroimding  medium.    Hence,  in  part,  it  is  that  a  heated 

body,  during  refrigeration,  loses  unequal  quantities  of  caloric  in  equal  times.    The 

series  makes  some  approach  to  a  geometrical  one.    Thus,  supposing  the  temperature  of 

a  body  to  be  1000  degrees  above  the  surroimding  medium — 

In  the  first  minute  it  wiU  lose  -^  of  its  heat,  or  .    ,    900' 

In  the  second ^^  of  the  remainder  =  90"* 

In  the  third       -j^  of  10   .     .    .    .    =     9\ 

This  law  of  refrigeration,  originally  laid  down  by  Newton,  though  nearly  accurate 
at  low  temperatures— I.  e,  between  68°  and  86*  Fah. — ^it  has  been  shown  by  Delaroche, 

♦  Fresnel,  «*  Ann.  Chem.  Phy8.,*»  29,  57,  and  107. 
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is  far  fix>in  being  so  at  high  ones ;  and  his  objections  have  been  folly  confirmed  by- 
Petit  and  Dnlong,  who  have  proved  that  the  error  increases  as  the  temperature 
augments,  and  at  length  becomes  enormously  great.* 

According  to  M.  Quetelet,  the  following  is  an  abstract  of  the  researches  of  MM. 
Dulong  and  Petit  in  this  important  investigation : — 

When  a  body  cools,  it  is  necessary  to  take  cognisance  of  the  loss  occasioned  by 
radiation  as  well  as  that  referable  to  contact  with  the  air. 

If  it  were  possible  to  observe  the  rate  of  cooling  of  a  heated  body  placed  in  a 
vacuum,  bounded  by  a  limit  absolutely  devoid  of  heat,  and  deprived  of  the  faculty  of 
radiating,  the  velocity  of  cooling  would  decrease  in  geometric  ratio,  whilst  the  tem- 
peratures would  diminish  in  arithmetic  ratio.  .  The  temperature  of  the  vacuum 
containing  the  heated  body  being  supposed  to  remain  constant,  the  rapidity  of  cooling 
of  the  latter,  as  regards  its  excess  of  heat  over  that  of  the  vacuum,  would  decrease,  as 
the  terms  of  a  geometric  proportion  diminished,  by  a  constant  number.  The  ratio  of 
this  geometric  progression  is  the  same  for  all  bodies,  being  equal  to  1*0077. 

The  rapidity  of  cooling  in  vacuo  for  the  same  excess  of  temperature  increases  in 
geometric  proportion,  the  temperature  of  the  inclosed  space  increasing  in  arithmetic 
proportion.  Hence  the  relation  of  the  progression  still  remains  1'0077  for  all  bodies. 
The  rapidity  of  cooling  referable  to  the  simple  contact  of  a  gas  19  altogether  independent 
of  the  nature  of  the  surface  of  such  bodies.  The  rapidity  of  cooling  due  to  the  simple 
contact  of  a  fluid  varies  in  geometric  progression,  whilst  the  excesses  of  temperature 
themselves  vary  in  geometric  proportion.  If  the  ratio  of  this  second  progression  be  2, 
the  ratio  of  the  first  is  2*35,  whatever  may  be  the  nature  of  the  ga?,  and  the  degree  of 
its  elastic  force.  This  law  may  also  be  enunciated  by  saying  that  the  quantity  of  heat 
removed  by  a  gas  is  in  all  cases  proportional  to  the  excess  of  temperature  of  the  body 
elevated  to  the  power  of  1'233.  The  cooling  power  of  a  fluid  diminishes  in  geometric 
progression,  when  its  tension  also  dimiiushes  in  the  same  progression.  If  the  ratio  of 
this  second  progression  be  2,  the  ratio  of  the  former  is  1*366  for  air,  1*301  for  hydrogen, 
1*431  for  carbonic  acid,  and  l*41d  for  olefiant  gas. 

The  law  may  be  presented  also  under  a  third  aspect,  as  follows : — ^The  cooling 
power  of  a  gas  is,  ceteris  paribus^  proportional  to  a  certain  force  of  pressure.  The 
exponent  of  this  power,  which  depends  on  the  nature  of  the  gas,  is  0*45  for  air,  0*316 
for  hydrogen,  0*517  for  carbonic  acid,  and  0*501  for  olefiant  gas.  The  cooling  power  of 
a  gas  varies  with  its  temperature  in  such  manner  that,  provided  such  gas  be  dilatable, 
and  that  it  preserve  its  elastic  force,  the  cooling  power  will  be  diminished  by  rarefaction 
of  the  gas,  in  direct  commensurate  proportion  with  the  amount  of  its  augmentation  by 
heating,  in  such  a  manner  that  the  tension  of  the  gas  alone  remains  to  be  estimated. 

The  movement  of  caloric  by  radiation  occurs  only  in  free  space,  or  through  trans- 
parent media.  It  appears  to  be  the  same  through  all  the  different  varieties  of  aeriform 
bodies ;  though,  as  will  afterwards  appear,  the  gases  difier  materially  from  each  other 
in  their  eondueting  potoer.  Caloric  radiates  from  ,bodies  at  all  temperatures,  but  the 
quantity  radiated  in  a  given  time  bears  some  proportion  to  the  excess  of  the  temperature 
of  the  hot  body  above  that  of  the  surrounding  medium.  So  also  does  its  inUmUy  or 
tension^  for  the  higher  the  temperature  of  its  source,  the  more  readily,  ceteris  paribtUy 
does  radiated  caloric  penetrate  glftss  and  other  diathermanousf  transparent  bodies.  And 
if  we  have  any  number  of  bodies  at  different  temperatures  in  the  vicinity  of  each  other, 

*  (( Annals  of  Philosophy,"  vol.  ziii.  ^  This  term  will  he  presently  explained. 
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they  may  all,  agreeably  to  l^e  ingenious  theory  of  M.  IVeyost,  be  oonstdcred  both  as 
radiatmg  and  Teceiving  calorie  ;  bnt  the  hot  ones  will  radiate  more  than  they  rceeive, 
while  the  cold  ones  will  receive  more  than  they  radiate. 

The  process  of  radiation  appears  to  be  constantly  going  on  from  the  surface  of  the 
earth,  and  it  is  partly  on  this  principle  that  we  are  to  explain  why  the  heat,  which  our 
planet  is  incessantly  receiving  from  the  «an,  does  not  aocntnulate  to  such  a  degree  as  to 
render  it  a  less  fit  habitation  for  man.  The  period  when  radiation  from  the  surface  of 
the  globe  is  most  discoverable  by  its  effects,  seems  to  be  (luring  the  night,  especially 
when  the  sky  is  perfectly  unclouded ;  for  a  covering  of  clouds  serves  as  a  mantle  to  the 
earth,  which  not  only  prevents  the  free  escape  of  radiant  heat,  but  probably  radiates  it 
back  to  the  earth's  surfttce.  Under  faveuraWe  eiroumstanees,  it  has  been  shown  by 
Dr.  Wells,  that  tiie  temperature  of  t^  ground,  especially  when  its  covering  is  formed 
of  some  substance  that  radiates  freely,  is  several  degrees  below  that  of  l&e  atmospheric 
stratum,  a  few  feet  above  it.  It  is  this  <dminished  temperature  of  the  earth's  fiRirfaoe 
that  occasions  the  deposition  of  dew  and  hoar  frost,  which  are  always  observed  to  be 
most  abundantly  formed  under  a  clear  unclouded  sky. 

■jkdiant  Mmt.'-RelativefiicaUi/  ^ith  ickteh  transparent  hodie$  <tdmt  ihepasMge 
(frtuUant  heat. — ^The  difficulty  with  which  radiant  heat  evolved  from  certain  sources 
trarerses  glass  and  other  transparent  materials,  was  noticed  at  a  very  eariy  period ;  and 
Ae  generalization,  v<^  incorrect  as  will  be  seen,  was  arrived  at,  that  radiant  heat  from 
no  terrestrial  source  could  permeate  glass  or  other  transparent  body.  This  opinion  was 
demonstrated  by  Professor  Bronde,  in  the  year  1S20,  to  be  erroneous,  for  one  somco  of 
terrestrial  radiant  heat  at  least ;  namely,  that  developed  from  charcoal  points  under  the 
inilttence  of  voHaic  electricity.* 

Professor  Danidl  subsequently  demonstrated  a  sunilar  result  for  incandescent 
Ume.f  '* 

But  an  experiment  is  scarcely  needed  to  show  the  fallacy  of  the  assumption.  Any 
one  who  stands  outside  a  glass  window  whilst  a  gas  jet  is  suddenly  lighted  inode,  must 
be  sensible  of  the  passage  of  heat. 

The  generalization  thai  no  transparent  body  would  ateit  the  passage  Of  teirestrial 
radiant  heat  being  found  untenable,  a  question  arose  as  to  the  nature  assumed  by  tiie 
heat  during  its  passage  through  the  transparent  body.  On  the  one  hand,  it  was  aargned 
that  the  heat  traversed  tibe  intercepted  layer  by  radiation,  as  it  travenes  air  and  other 
gases  t  on  the  ether  liand,  it  was  argued  that  on  coming  into  contact  with  one  side  of 
ti»e  intercepted  layer,  the  radiant  heat  was  absorbed,  and  passed  by  conductiOA  to  the 
o&er  side  of  (iie  layer,  whence  it  was  ilnslly  radiated  away.  M.  Pre^st  settied  tins 
controversy  by  a  very  ingenSous  experiment.  He  used,  as  his  int^iposed  traaiparant 
screen,  a  sheet  of  water  issuing  from  a  fountain ;  still  heat  was  reoognised  en  the 
fttrtho'  side,  which  result  could  only  be  attributable  to  the  passage  of  heat  by  ladia^ 
iism.  l^ot  only  is  water  a  bad  conductor  of  heat,  but  the  conduction,  if  it  had  taken 
t^lace,  would  have  been  in  I3ie  direction  of  the  wafew  frtAu  the  ^otuiteln,  not  at  right 
angles  to  it. 

Ko  precise  generalization  of  the  laws  al^tsng  the  passage  of  radiaAt  hent  Ihrongh 
tmspaient  bo^es  was,  however,  arrived  at,  until  the  adoptum  dl  on  instranent  more 
delicate  than  the  tiieniiometer  as  an  indkator  of 'temperature.  TboA  imCfmaeut 
fTM  found  m  the  thtrmamuUipUer  of  Kobili--aa  instrament  dependent  ml  eleotrimty 

•  ««!«.  1!H*iis.,»*  l««).  t  "  Phil. lUff.,'*  New  Series,  p.  SM. 
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as  its  prime  motive  tgent,  and  which,  under  the  head  of  Electrieity,  will  be  fully 
described. 

In  the  hands  of  Signior  Melloni,*  Professors  Forbes,  Powell,  and  other  philosophem, 
tliig  inBtniment  has  demonstrated  the  remarkable  fact,  that  the  transparency  of  a  sub* 
stance  has  no  necessary  relation  to  its  function  of  transmitting  radiant  heat.  Hence 
arises  Hie  necessity  for  terms  oorre8pondu%  with  transparency  and  opaeity,  as  applied 
to  light.  Hie  expression,  transeahncf/,  has  been  applied  to  indicate  the  function  of 
allowing  the  passage  of  radiant  heat,  and  non-fransealency  the  reyene.  Hence,  we 
haye  transcldent  and  iK>a-traascalesit  substances, — otherwise  called  diathermanous 
and  a-^iaihermanous,  and  ccaresponding  with  the  expressions  diaphanous  and  a-dich 
p7tanfiu», 

Melloni's  experiments  dem<»istrafted  furthermore  that  the  ability  of  radiant  lieat  to 
pass  iJmmgh  transcc^nt  sheets,  varied  aoctnrding  to  the  source  &om  which  the  heat 
emanated— and  that,  of  all  substances  tried,  oidy  rock-salt  was  endowed  with  the  power 
of  transmitting  a  constant  amount  of  heat— from  whatever  source  derived.  Hence, 
rock-salt  is  the  most  ^thermanous  or  transealent  body  known,  and  maybe  considered, 
in  relation  to  heat,  as  perfectly  white  transparent  glass  is  to  light.  On  the  other  hand, 
the  transparent  substance  which,  of  all  others,  opposes  the  greatest  resistance  to  the 
passage  of  radiant  heat,  is  sulphate  of  copper.  Rock-salt  transmits,  according  td 
Melloni,  92  p^  cent,  of  radiaaxt  heat  impinging  upon  it,  from  whatever  source  derived  ; 
whHst,  on  I3ie  other  hand,  a  plate  of  sul^^ate  of  copper,  equal  or  even  less  as  to 
thickness,  transmits  none  i  it  is  the  precise  imalogue  of  opacity.  It  has  been  also 
demonstrated  by  Melloni,  that  radiant  heat  from  any  given  soTirce,  having  suf^red 
dimiiratioa  by  passing  through  a  transcalent  medium,  should  be  capable  of  passing 
tiirou^  other  similar  media  with  less  proportionate  loss  than  it  experienced  on  passing 
through  the  first.  Thus,  the  heat  which  has  already  traversed  one  plate  of  glass, 
becomes  less  suseeptiUe  of  absorption  on  passing  through  others;  and  on  establishing 
the  proportion  of  loss  in  a^ousand  parts,  it  was  found  that  <rf  1000  rays  of  heat  from 
the  flame  of  an  oil  lamp,  451  were  intercepted  by  four  plates  of  glass  of  e<pialthidmess. 
Of  tbese  rays,  S81  were  inteEreepted  by  the  first  plate,  43  by  the  second  plate,  18  by  the 
third,  and  ihe  remaining  9  by  die  fourth.  This  result  leads  to  the  suppocntion  that  just 
as  tibere  aare  diffeFeat  cok>urs  of  Eght,  so,  if  the  term  be  permitted,  are  there  i^ferait 
oolouzs  of  heat ;  that  radiant  heat  oonsistB  of  a  mixture  of  these  colours,  £rom  which 
one  or  more  having  been  abstracted  by  one  particular  medium,  the  transmitted  heat 
radiates  through  dSber  ttwBa  of  similar  kind  without  subsequent  loss. 

It  has  been  peitinenHy  remarkedby  Professor  Baden  Powen,t  Ifcat  the  per  ccntage 
indioation  of  li^it  tsoasmitted  l^ough  screens,  as  employed  by  MeOoni,  creates  &e 
aiMHimptiim  tiiat  tbe  heat  is  of  one  kind ;  whereas  the  results  are  only  aeeordast  with 
the  Mtmnptioii  Ukalt  it  is  of  many  kinds.  Professor  Powell  also  objects  to  the  divisiim 
of  radiaBt  hteot  ifita  that  i^om  bimineus  and  noa-'luminous  sourees.  No  precise  dis- 
tJBctioa  of  this  kind,  it  is  argued,  can  be  laid  down ;  £00:  although  certain  qualities 
(colours,  so  to  say)  of  heat  may  pxedomiaate  in  either  ease,  yet  the  only  xesuking 
Twiatieii  is  one  cff  eaooes  er  dimmution  of  one  set  of  ray  €ft  rays. 

It  is  on  opinion  also  (jlike  above-mentioned  philosoplier,  that  the  phenomena  con- 

*  rid«  Melloni's  papers  in  the  "Aim.deCMm."and  *«Ph.»»  LIH.  andLV.,al80  "  Taylor's  Sdtti- 
tiftc  Memoirs/'  I.  and  III. 

t  Boyal  Irstitution  Eeports.    Beport  of  Professor  B.  Powell's  lecture,  Friday,  ApiH  28, 1M2. 
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nected  with  this  iateresting  subject  point  to  the  identity  of  cause,  for  light  and  heat. 
Thus  both][dtipend  on  corpuscular  yibrations,  and  are  explicable  by  an  extension  of  the 
luminous  undulatory  theory,  -which  has  beeA  treated  of  in  the  chapter  on  light.  Pro- 
fessor B.  Powell  is  inclined  to  refer  the  different  qualities  (colours)  of  radiant  heat,  to 
a  difference  in  the  length  of  wave  line  exclusively.  Professor  Forbes,  whilst  partially 
agreeing  in  this  view,  suggests  the  coexisting  agency  of  some  undetermined  element. 
Professor  Helloni  does  not  accede  thus  Dor :  he  is  in  favour  of  the  existence  of  calorific 
emanations  altogether  different,  even  as  to  their  original  cause,  from  those  of  light. 

It  would  be  incompatible  with  the  limits  and  the  intentions  of  this  treatise  to  follow 
out  the  subject  of  diathermaniety  and  its  converse  in  detail.  I  wiU,  therefore,  conclude 
by  citing  the  concluding  generalization  of  Professor  Baden  Powell,  as  expressed  in  his 
paper,  read  before  the  members  of  the  Royal  Institution. 

"  A  body  heated  below  luminosity  begins  to  give  out  rays  of  large  wave-length  only. 
As  it  increases  in  luminosity  it  continues  to  send  out  these,  and  at  the  same  time  others 
of  diminishing  wave-lengths,  till  at  the  highest  stage  of  luminosity  it  gives  out  rays  of 
all  wave-lengths,  from  those  of  the  limit,  greater  than  the  red  end  of  the  spectrum,  to 
those  of  the  violet  end,  and  possibly  less. 

*^  Bays  of  all  these  species  are  transmissible  and  refrangible  by  rock-salt ;  and  many 
of  them,  with  numerous  specific  distinctions,  by  other  media.  .  They  are  all  more  or 
less  capable  of  exciting  heat  when  absorbed  or  stopped ;  though  in  some  the  effect  is 
perhaps  insensible.  Both  this  property  and  that  of  their  transmissibility  seems  to 
depend,  in  some  way,  on  the  wave-lengths,  although  in  no  simple  ratio  to  it. 

'*  The  absorptive  effect  due  to  texture  of  surface  has  some  direct  relation  to  the 
magnitude  of  the  wave-length,  especially  near  the  limit ;  while  that  due  to  darkness  of 
colour  is  connected  with  shorter  wave-lengths — such  as  belong  to  rays  within  the 
limits  of  the  light  spectrum ;  and  in  any  case  when  a  ray  impinges  on  any  absorbing 
substance,  its  vibrations  being  stopped,  communicate  to  the  molecules  of  the  body 
vibratory  movements  of  such  a  kind  as  constitute  heat  of  temperature. 

*^  The  pecuHar  molecular  constitution  of  bodies,  which  determines  their  permeability 
or  Impermeability  to  rays  of  any  species,  gives  rise  to  all  the  diversities  of  effect, 
whether  luminous  or  calorific.  We  thuB  escape  all  such  crude  ideas,  at  once  difficult 
and  unphilosophical,  as  those  either  of  two  distinct  material  emanations  producing 
respectively  heat  and  light,  or  of  a  conversion  of  one  into  the  other ;  and  obtain  a  view 
far  more  simple  and  consistent  with  all  analogy."* 

Polazixation  and  Double  Aefiraction  of  &adiant  Heat.— -The  many 
analogies  subsisting  between  light  and  radiant  heat,  created  an  d  priori  opinion  that 
the  latter  might  be  polarized.  Berard  and  Professor  Forbesf  first  domonstrated 
the  correctness  of  this  idea.  They  succeeded  in  polarizing  heat  (non-luminous) 
by  the  agency  of  reflection.  Subsequently  Mellonl  effected  a  similar  polarization  by 
transmission  through  mica  and  tourmaline  respectively.  I  deem  it  unnecessary  to  treat 

*  For  the  conyenience  of  those  who  desire  to  stady  this  interesting  subject  more  deeply,  the 
following  additional  referenecs  to  books  and  papers  relating  to  it  is  appended  :— 

Vide  1.  "  Two  Beports  on  the  SUte  of  our  Knowledge  of  Badiant  Heat,"  by  Professor  Baden 
Powell.    "  Brit.  Assoc.  Beports,"  1832  and  1840.    (These  papers  supply  copious  references.) 

2.    A  paper  by  the  same  in  "  Phil.  Trans."  for  1825. 

8.  "Knoblauch's  Besearches,"  translated  in  "Taylor's  Scientific  Memoirs,"  Parts  XVIII. 
and  XIX. 

4.    Powell  on  the  "  Undulatory  Theory  Applied  to  the  Dispersion  of  Light,"  pp.  71—122. 

+  "  Phil.  Mag.,"  1885. 
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more  in  detail  on  this  subject,  seeing  tliat  the  phenomena  of  polarized  heat  are  so  pre- 
cisely accordant  with  those  of  polarized  light,  already  treated  of  in  detail  in  the  chapter 
on  light. 

Caloric,  besides  radiating  through  transparent  media,  is  capable,  also,  of  passing 
through  dense  and  opaque  bodies,  though  with  prodigiously  impaired  velocity.  Thus 
a  long  bar  of  iron,  heated  at  one  end,  requires  considerable  time  to  become  hot  at  the 
other.  This  property  in  bodies  has  been  called  their  conducting  power,  and  it  exists, 
in  different  bodies,  in  very  different  degrees.  It  is  not,  howeyer,  found  to  bear  a  pro- 
portion to  any  other  quality  of  bodies,  such  as  their  densities,  &c. 

AU  the  properties  of  caloric,  which  haye  been  hitherto  described,  belong  to  it 
when  supposed  to  be  in  a  free  or  uncombined  form ;  for  it  continues  to  produce  the 
sensation  of  heat,  and  to  expand  the  mercury  of  the  thermometer.  In  the  instances  of 
its  agency,  also,  that  haye  been  mentioned,  no  permanent  change  of  form  or  of  pro- 
perties is  effected  in  the  bodies  which  Haye  imbibed  caloric.  A  bar  of  iron,  after  being 
expanded  by  heat,  returns  on  cooling  to  the  same  state  as  before,  and  exhibits  all  its 
former  qualities.  In  certain  cases,  howeyer,  caloric  is  absorbed  by  bodies,  with  the 
loss  of  its  distinguishing  properties.  It  can  then  be  no  longer  discoyered  by  our  senses 
or  by  the  thermometer ;  and  it  produces  important  and  sometimes  permanent  changes 
in  the  bodies  into  which  it  enters. 

Those  effects  of  caloric,  in  the  production  of  which  it  loses  its  distinguishing  pro- 
perties, may  be  classed  under  two  general  heads. 

1.  Bodies^  in  pas&ing  from  a  denstr  to  a  rarer  state,  generally  absorb  calorie, — Thus 
solids,  during  liquefaction,  imbibe  a  quantity  of  caloric,  which  ceases  to  be  apparent  to 
our  senses  or  to  the  thermometer ;  or,  as  it  has  been  termed,  becomes  latent  In  a 
similar  manner,  solids  and  liquids,  during  their  conyersion  into  yapours  or  gases, 
render  lateint  a  quantity  of  caloric,  which  is  essential  to  the  elasticity  of  the  new 
product  In  common  language  cold  is,  in  such  cases,  said  to  be  produced ;  but  by  the 
production  of  cold  we  are  to  understand,  in  philosophical  language,  nothing  more  than 
the  passage  of  caloric  from  a  free  to  a  latent  form. 

2.  Bodies  J  by  an  increase  of  density j  mostly  evolve  or  give  out  calorie,  which  passes  from 
a  latent  to  a  free  state, — The  simplest  illustration  of  this  law  is  in  the  effect  of  ham- 
mering a  piece  of  metal,  which  may  thus  be  intensely  heated,  while  all  that  is  perma- 
nently effected  is  an  augmentation  of  its  density.  Liquids  by  becoming  solids,  or  gases 
by  conyersion  into  liquids,  also  eyolye  caloric,  or  produce  an  increase  of  temperature. 
A  pound  of  water  condensed  from  steam,  will  render  100  pounds  of  water  at  50°  wanner 
by  11* ;  whereas  a  pound  of  boiling  water  will  produce  the  same  rise  of  temperature  in 
no  more  than  about  ld|  pounds.  TMs  is  owing  to  the  much  greater  quantity  of 
caloric,  existing  in  a  pound  of  steam,  than  in  a  pound  of  boHing  water,  though  steam 
and  boiling  water  affect  the  thermometer  in  precisely  the  same  degree. 

It  is  a  question  which' has  excited  considerable  interest  among  philosophers,  whether 
caloric,  when  thus  absorbed  and  rendered  latent,  enters  into  chemical  combination,  or 
is  merely  imited  by  the  same  kind  of  ties  as  that  portion  of  caloric  that  produces  the 
temperature  of  bodies.  Does  ice,  for  example,  when  changed  into  water,  form  a 
chemical  imion  with  caloric,  similar  to  that  which  exists  between  potassa  and  sulphuric 
acid }  Such  appears  to  haye  been  the  opinion  of  Dr.  Black,  who,  by  the  powers  of  an 
original  and  weU-directed  genius,  discoyered,  about  the  year  1760,  the  greater  number 
of  those  facts,  that  formed  the  ground- work  of  the  theory  of  latent  heat.  The  resem- 
blance, howeyer,  between  chemical  union  and  the  disappearance  of  caloric,  which,  on 
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first  TOW,  appears  extremely  striking,  will  be  found,  it  mnst  be  confessed,  less  dose  on 
a  neaxer  examination ;  for  caloric  may  be  made  to  quit  those  bodies,  into  wbicb  it  has 
entered  with  a  loss  of  its  peculiar  properties,  merely  by  reducing  their  temperature ; 
whereas  chemical  combraations  in  general  cannot  be  destroyed,  except  by  the  inter- 
ference of  more  energetic  affinities.  In  opposition  to  the  foregoing  theory,  it  has  been 
contended  that  the  absorption  of  caloric  by  bodies  is  a  consequence  of  what  has  been 
called  a  change  of  their  eapneity.  Thus  iee,  it  is  supposed,  in  becoming  water,  has  its 
capacity  for  caloric  increased,  and  the  absorption  of  caloric  is  regarded  as  a  consequence 
of  this  increased  capacity.  This  theory,  however,  is  deficient,  inasmuch  as  it  fails  to 
explain  what  is  the  cause  of  that  change  of  form,  which  is  assumed  to  account  for  the 
increase  of  capacity.  Notwithstanding  this  obvious  objection,  I  have  retained  the 
term  eapaciiy  to  express,  in  the  abstract,  that  power  by  which  bodies  absorb  and  render 
latent  different  quantities  of  caloric ;  or  the  property  of  requiring  more  or  less  caloric 
for  raising  their  temperature  an  equal  number  of  degrees.  The  absorption  of  caloric, 
then,  will  always  be  owing  to  an  increase,  and  its  evolution  to  a  decrease,  of  capacity. 
The  use  of  these  terms  may  be  exemplified  by  a  slight  change  of  the  perspicuous 
language  of  Dr.  Crawford.  "  The  capacity  for  containing  caloric,"  he  observes,  "  and 
the  absolute  caloric  contained,  are  distinguidied  as  a  force  from  the  subject  upon  which 
it  operates.  "When  we  speak  of  the  capacity,  we  mean  a  power  inherent  in  the  heated 
body ;  when  we  speak  of  the  absolute  calorie,  we  meaai  an  unknown  principle,  which  is 
retained  in  the  body  by  the  possession  of  this  power ;  and  when  we  speak  of  the 
temperature,  we  consider  the  unknown  principle  as  producing  certain  eflfects  upon  the 
thermometer,"* 

As  the  capacities  of  bodies  determine  their  relative  quantities  of  caloric,  it  seems 
reasonable  to  conclude  that,  if  we  can  ascertain  how  much  caloric  a  body  absorbs  or 
^ves  out  in  changing  its  form,  and  in  what  proportion  its  capacity  is  at  the  same  time 
altered,  we  may  deduce  the  absolute  quantity  of  Aca^  which  it  contains.  Now  it  will  be 
afterwards  shown  that  the  heat,  evolved  by  water  in  freezing,  is  equal  to  140° ;  and 
the  capacity  of  water  has  been  stated  to  bear  to  that  of  ice  the  proportion  of  10  to  9. 
"Water,  then,  in  becoming  ice,  must  give  out  -^th  of  its  whole  caloric ;  and,  as  this 
amounts  to  140%  ten  times  140  (or  1400^*)  is  the  whole  quantity  of  caloric  in  water  at 
the  temperature  of  32* ;  and,  deducting  140  from  1400,  we  have  1260*  for  the  caloric 
contained  in  the  ice  itself.  This  method  of  determining  the  problem  seenu^  however, 
to  me,  to  be  liable  to  several  objections,  which  it  would  take  up  too  much  room  to  state 
in  this  place,  and  which  I  have  elsewhere  urged  at  considerable  length.f  Nor  does  it 
appear  to  me  that  any  other  mode  of  investigation  yet  proposed  is  capable  of  giving  us 
approximations  to  the  truth,  that  are  more  to  be  relied  on ;  for  such  enormous  differ- 
ences as  to  the  absolute  zero,  or  point  of  total  privation  of  heat  on  the  thermometric 
scale,  have  resulted  from  the  inquiries  of  different  philosophers,  as  to  show  that  we  still 
want  the  data  essential  to  such  an  investigation. 

These  general  observations  I  have  deemed  it  necessary  to  make,  with  a  view  of 
connecting  together  the  propositions  respecting  caloric,  and  the  experiments  illus- 
trating them,  tiiat  form  t3ie  subject  of  the  following  sections.  The  inquiry  respecting 
heat  is  one  which  presents  a  boundless  field  for  interesting  speculation ;  and  it  would 
have  been  easy  to  have  extended  very  considerably  the  discussion  of  its  nature  and 
properties.    But,  in  this  work,  I  have  no  farther  object  than  to  lead  the  student,  by 

•  Dt  Cnarford  imHeat»  pu  S.  +  «<  MianBliiB>terl[e«iii8,»  voL  t. 
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easy  steps,  to  a  knowledge  of  what  has  been  actually  determined  by  experiment,  or 
strictly  and  legitimately  deduced  from  it. 

The  Sffeetfl  of  Free  Calozic. — I.  Caloric  expands  aU  bodies. — The  expansion  of 
liquids  is  shown  by  that  of  the  mercury  of  a  thermometer,  or  by  immersing  in  hot  water 
a  glass  matrass,  filled,  up  to  a  ma*  in  the  neck,  wilii  spirit  <rf  wine,  tinged  with  any 
colouring  substance.    The  spirit  expands  immediately  when  heated, 
and  would  overflow  if  not  placed  in  a  cooler  situation.    The  degree  of 
expansion  produced  in  different  liquids,  by  similar  eleyations  of  tem- 
perature, varies  very  considerably.    Thus  water  expands  much  more 
than  mercury,  and  alcohol  more  than  water.    This  difference  of 
expansibility  is  even  sufficiently  striking  to  appear  in  a  remarkable 
degree  when  we  immerse,  in  water  heated  to  ISO**,  three  equal  glass 
vessels  of  the  shape  of  thenmmieter  tabes,  containing  the  one  mer- 
cury, the  other  water,  and  the  third  spirit  of  wine.     The  spirit  will 
begin  to  escape  from  the  aperture  of  the  vessel,  before  the  mercury 
has  ascended  far  in  the  stem. 

It  must  be  obvious,  however,  that  we  cannot  determine,  in  this 
way,  the  true  amount  of  expansion  in  any  fluid,  because  the  containing 
glass  vessel  has,  at  the  same  time,  its  capacity  enlarged.  Hence  the  real 
expansion  of  the  fluid  exceeds  the  apparent ;  and,  in  order  to  know 
the  true  amount  of  expansion  in  tiie  liquid,  we  must  correct  the 
experimental  result  by  taking  into  account  the  expansion  of  glass.  In  determining  the 
dilatation  of  mercury,  MM.  Petit  and  Dulong  avoided  the  necessity  of  this  correction, 
and  followed  a  metJiod  foimded  upon  a  hydrostatical  principle — viz,,  that  when  two 
columns  of  liquid  communicate  by  a  horizontal  tube,  the  vertical  heights  of  their  sur- 
faces are  in  the  inveiBC  ratio  of  their  densities.  Surrounding,  therefore,  one  of  Ae 
columns  with  ice,  and  raising  the  other  to  any  known  temperature,  it  was  found  to  be 
sufficient,  in  order  to  obtain  the  absolute  dilatation,  to  measure  the  height  of  each 
column.* 

The  following  is  a  description  of  the  instrument  employed  and  the  principles  on 
which  its  action  depends  :— 

Let  A  B  C  D  be  a  tube  bent  twice  at  right  angles,  as  represented  in  the  diagram, 
and  expanded  into  a  cup-shaped  vessel  towards  each  upper  extremity,  the  horizontal 

tube  of  connexion  being  ex- 
ceedinly  fine.  Each  vertical 
arm  of  the  tube  is  seen  to  be 
immersed  in  a  cylindrical 
glass  vessel,  the  use  of  which 
is  to  contain  liquids  of  definite 
temperature,  in  order  that  the 
upright  arms  may  be  heated 
to  a  eonesponding  degree. 
From  this  arrangement  it  fxA- 
lows  that  the  rate  of  expan- 
>ioB  of  a  fluid  may  be  estimated,  independently  of  any  d&turbanoe,  from  expansion 
of  the  glass.     It  is  a  weH  known  propositioai  in  hydtostaticB,  that  the  ooluBmar 

•  «*iAn.  du  et  FW  TiL  p.  li7,or  *<Aas.of  PfaU."  flsend^eriM,  toI.  ^U. 
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height  of  liquids  of  different  densities,  in  equilibrio,  under  the  same  degree  of 
pressure,  is  in  an  inverse  ratio  to  the  density  of  those  liquids.  Supposing,  then, 
mercury  to  he  poured  into  the  vessel  A  B  C  D,  the  liquid  will  rise  to  the  same  level 
in  the  branches,  A  B  and  C  D,— if  the  temperature  he  equal.  If,  however,  the  stem, 
A  B,  he  heated  to  a  degree  which  may  he  represented  by  ^,  whilst  the  stem,  C  D,  is 
heated  to  a  different  temperature,  which  may  be  represented  by  ^,  the  mercuiy  will 
rise  in  the  second  branch  higher  than  in  the  first.  Let  h  stand  for  the  columnar 
height  of  mercury  in  the  lower  branch,  and  h*  for  the  columnar  height  of  the  same  in 
the  higher  branch. 

If,  now,  (f  and  d  represent  the  densities  of  mercury  at  the  temperatures  f  and  f, 
p  the  pressure  of  liquid  referred  to  unity  of  surface,  and  exercised  upon  the  horizontal 
plane,  traversing  the  axis  of  the  tube,  B  C  being  equal  for  all  that  plane,  then 

p  =  ghd  =  gVd^y  therefore  hd  =  h'H  ; 

or,  the  same  weight  of  mercury  occupying  a  volume  in  A  B,  where  the  density  is  <f, 
should  occupy  in  D  C,  where  the  density  is  <?',  a  volume  V,  yielded  by  the  equation 
P  =  ^Vfl?=  yV'<f ;  whence  Vrf  =  V'^,  and  from  the  equation  hd  =  IM  and  V  :  V 

y  —  V      h* h  V V 

: :  A  :  A'  is  deduced  — ^^ —  =  — r — •     But -.^r—    is  the  fraction  representing  the 

augmentation  with  increase  of  temperature,  experienced  by  the  unity  volume  of  mer- 
cury ;  when  its  temperature  at  i  becomes  f',  this  fraction  of  dilatation  of  mercury  for 


{f  —  i)  degrees  will  be 


A'— A, 


and  the  coefficient  of  dilatation 


X  Whence  it 


follows  that  the  investigation  of  determining  the  total  expansion  of  a  liquid  for  a 
definite  number  of  degrees,  by  means  of  this  instrument,  resolves  itself  into  the  exact 
measurement  of  the  columnar  fluid-levels  at  A  and  A',  for  the  temperatures  t  and  t. 

The  most  recent  investigations  concerning  the  dilatation  of  liquids  have  been  made 
by  M.  Isidore  Pierre  and  M.  Kopp,  who  confirm  the  previously-existing  belief,  that, 
with  the  exception  of  mercury,  the  dilatation  of  liquids  follows  an  exceedingly  irregu- 
lar and  complicated  progression. 

It  is,  however,  probable  that  a  suggestion  thrown  out  by  M.  Gay  Lussac  may,  if 
carried  into  practice,  tend  to  indicate  some  precise  law  of  liquid  expansion.  The  rate 
of  expansion  for  all  gaseous  bodies  is  very  nearly  alike.  Now  gases  possess  nearly  the 
same  molecular  state  as  to  aggregation ;  not  quite  the  tame,  as  is  proved  by  the  different 
amounts  of  force  necessary  to  liquify  and  solidify  those  gases  capable  of  assuming  such 
conditions,  and  the  non-condensibility  of  others, — to  which  proof  may  be  added  the 
alight^discrepancy  in  their  coefficients  of  expansion.  Liquids,  however,  are  very 
differently  circumstanced ;  the  molecular  forces  which  hold  their  partides  together 
vary  within  the  limits  of  a  very  wide  range.  M.  Gay  Lussac,  therefore,  suggests  that 
in  order  to  deduce  a  law  of  expansion  for  liquids,  they  should  be  examined  under  equal 
conditions  of  molecular  aggregation.  Now,  exactly  at  the  boiling  point,  the  molecular 
aggregation  of  a  liquid,  determining  the  condition  of  liquidity,  is  overcome ;  hence,  by 
taking  a  series  of  liquids,  heated  nearly  to  their  boiling  point,  and  cooling,  through  an 
equal  number  of  degrees,  the  indications  of  some  general  law  might  probably,  M.  Gay 
Lussac  thinks,  be  arrived  at.  Nor  have  his  speculations  been  altogether  without 
foundation,  as  the  accompanying  tabular  view  will  demonstrate. 

Alcohol  boils  at  ITS'*  P.,  water  at  212**  P. ;  sulphuret  of  carbon  at  134*  P., 
and  sulphuric  ether  at  96*8®  P.    Taking  1*000  volumes  of  each  at  their  boiling 
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points,  and  cooling  through  a  definite  number  of  degrees,  the  following  results  were 
obtained : — 


By  cooling 
through 

Water  contracts 

Alcohol  contracts 

Sulphuret  of  Carbon 
contracts 

Ether  contracts 

IS** 
36'' 
54'' 
72"' 
90° 
108° 

6-61 
13-15 
18-85 
24-10 
28-56 
32-42 

11-43 
24-34 
34-74 
45-68 
56-02 
65-96 

12-01 
23-80 
35-06 
45-77 
56-28 
66-21 

1617 
31-83 
46-42 
58-77 
72-01 

It  will  be  observed  that  the  accordance  between  the  alcohol  and  sulphuret  of 
carbon  for  all  the  decrements  of  temperature,  forming  the  subject  of  experiment,  is. 
marked,  showing  that  there  exists  some  kind  of  accordance  between  the  molecular 
states  of  these  two  liquids,  notwithstanding  the  difference  of  their  boiling  points. 
M.  Isidore  Pierre  has  drawn' up  extensive  tables  on  the  basis  of  that  just  given,  and 
from  which  it  appears  that  a  nearly  equal  contraction,  from  the  boiling  point  down- 
wards, is  manifested  ,by  (1)  fusel  oil,  pyroxylic  spirit,  and  alcohol ;  (2)  bromide  of 
ethyl  and  bromide  of  methyl ;  (3)  iodide  of  methyl  and  iodide  of  ethyl ;  (4)  acetic 
ether  and  acetic  methyl  ether ;  (5)  butyric  ether  and  butyric,  methyl  ether.  This 
equality  of  contraction,  however,  from  the  boiling-point  downwards,  does  not  extend 
to  all  groups  of  liquids  containing  a  common  element,  united  with  others  of  different 
isomorphous  groups—for  example,  chloride  of  phosphorus  and  chloride  of  arsenic ;  but 
it  would  seem  to  be  confined  to  the  ethyl  and  methyl  series.  Moreover,  in  each  group 
of  liquids,  the  difference  of  contraction  increases  constantly  in  the  same  direction, 
proportionate  directly  to  the  sinking  of  the  temperature  below  the  boiling  point.  In 
some  cases  this -variation  of  contraction  is  of  very  considerable  magnitude;  thus,  for 
example,  in  the  group  to  which  chloride  and  bromide  of  silicon  belongs,  it  amounts  to 
half  the  total  expansion.  Finally,  in  each  group,  the  liquid  of  lowest  boiling  temperature 
manifest  the  greatest  amount  of  expansion  and  contraction.  Such  are  the  chief  gene- 
ralizations arrived  at  by  M.  Isidore  Pierre.*  M.  Koppf  has  more  recently  applied 
himself  to  the  same  difficult  investigation ;  but  as  this  philosopher's  generalizations 
are  not  yet  complete,  and  the  minutes  of  his  researches  are  voluminous,  I  must  refer 
to  the  original  papers,  wherein  the  information  is  conveyed. 

The  expansion  of  aeriform  bodies  may  be  exemplified  by  holding  near  the  fire  a 
bladder  half  filled  -with  air,  the  neck  of  which  is  closely  tied,  so  as  to  prevent  the 
inclosed  air  from  escaping.  The  bladder  will  soon  be  fully  distended,  and  may  even 
be  burst  by  continuing  and  increasing  the  heat.  All  aeriform  bodies,  when  deprived 
of  moisture,  and  even  condensable  vapours,  when  not  in  contact  with  the  liquids  from 
which  they  have  been  produced,  undergo  nearly  the  same  expansion  or  contraction,  at 
all  temperatures  hitherto  tried,  by  similar  additions  or  subtractions  of  heat.  Indeed, 
until  the  recent  investigations  of  M.  Eegnault  on  this  interesting  subject,  the  propo- 
sition was  universally  accepted,  that  the  amount  of  expansion  and  contraction  of  all 
gases  for  equal  degrees  of  temperature  was  absolutely  the  same,  being  for.  the  180°  of 
Fahrenheit's  thermometer,  between  32°  (the  freezing  point)  and  212°,  about  the  :ffoth 

•  "  Annales  de  Chimie  et  de  Physique,"  third  series. 

+  "  Fogg.  Annal."  72, 1,  and  223,  abstracted  in  "  Annal.  de  Chlm.  and  Pharm."  64,  212. 
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of  thwr  volume  at  32  for  every  degree^-that  is  to  say,  180  x  xhs^r  ox  0-375ths 
increase  on  tlie  total  bulk  at  32**  Fah.  Mr.  Dalton,  who  was  the  first  to  copamence  this 
important  investigation,  adopted  the  fraction  -^  as  the  coefficient  of  gaseous  expan- 
sion ;  but  MM.  Petit  and  Bulong,  who  subsequently  repeated  the  necessary  esfperi- 
ments,  adopted  ^  instead,*  and  their  views  were  universally  received  until  a  Swedish 
natural  philosopher,  M.  Rudberg,  announced  that  the  coefficient  was  too  high,  and  that 
it  was  more  nearly  represented  by  the  fraction  0*364  or  0*365  on  the  total  increase  of 
«  volume  of  gas  at  32°  Fah.,  when  heated  to  212*"  Fah.  It  would  appear  that  Mr.  Dalton, 
as  well  as  MM.  Gay  Lussac,  Petit,  and  Dulosg,  had  been  led  into  error,  owing  to  their 
not  having  taken  sufficient  care  to  dry  the  gases  upon  which  they  operated ;  hence  the 
total  amount  of  expansion  recognized  was  partly  due  to  the  gas  itself  and  partly  to  the 
water  contained  in  the  gas.  In  the  year  1842,  M.  Regnault  applied  himself  to  a 
re-conaideration  of  this  subject,  adopting  two  series  of  experiments  founded  on  two 
different  principles.  In  the  firsfc  series  the  dilatatioils  were  not  measured  directly,  hat 
calculated  by  reference  to  variatioiis  in  the  elastie  force  of  the  gases  operated  npon. 
In  the  second  series,  the  augmentation  of  v<dtiiBe  oeeurring  between  32^  and  212^  Fah. 
was  directly  measiured ;  the  same  volume  of  gas  being  eoaistantly  used,  and  submitt^ 
to  one  unvarying  pressure.  These  admirable  researches  of  M.  Regnault  have  led  to 
the  adoption  of  '3665  or  *S670  as  the  total  amount  cf  expansion  be^een  Zf  and  212° 
on  the  original  buDc  of  air  at  32°,  being  ^ths  of  each  centigrade  degree,  or  t^.-j^  of  a 
degree  of  Fahrenheit. 

Xiaws  of  ZzpaxisieA. — Snch  was  the  result  arrived  at  fofs  atmospheric  air; 
other  leases  were  ibund  to  yield  slightly  different  rates  of  expansion:  henee  the 
propositian  that  all  gases  expand  equally,  for  equal  inorements  of  toDpeiftttEze  eaa.  be 
no  longer  aecepted.  Indeed  &ere  is  one  fact  which,  if  duly  weighed,  might  have 
rendered  this  proposition  suspected.  Certain ,  gases,  it  is  Imown,  are  canbdeniible, 
others  not ;  and  amongst  those  whieh  are,  the  foree  necessary  to  accomplish  etm^ 
densation  varies  within  limits  whieh  are  very  wide.  Now,  if  there  be  recognixaUe 
a  difference  in  the  molecular  powers  of  gases  at  this  end  of  the  seale,  it  would  seem 
d  priori  that  there  should  be  conversely  a  difference  also  at  the  other.  M.  Begnaulfs 
experim^its  bear  out  the  suppo^tku  -,  he  finds  ^e  eodSSeients  c^  expansion  to  vary 
for  different  gases.  The  sabj(»ned  table  msanfests  some  of  these  variations,  whieh 
win  be  seen  to  be  greater  in  propiNrtion  as  the  partieular  gas  under  examinatioii  u 
readily  condensiMe : — 


Hydrogen 

.        0*36613 

JUmos^ierio  air 

0-3676 

Carbonic  oxide 

0*36688 

CaarlKmio  acid 

0*37009 

Protoxide  of  nitrogen 

0*37105 

Cyanogen 

0*38767 

Sulphurous  aoid 

0-39028 

Anterior  to  the  investigations  of  M.  Begnault  on  this  subject,  two  fundamental  laws 
were  recognized  in  the  theory  of  gaseous  expansion. 

These  laws  are  as  follow  :— 

1.  All  gases  dilate  to  the  same  extent  between  equal  limits  of  temperature. 

•  «'A^.  of  Phfl."  new  series,  xifi.,  117. 
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2.  The  dilatation  of  the  aasM  gas  behreea  the  same  limitB  of  temperaitiine  is  iads- 

pendent  of  its  primitiT^  denatjr. 

The  first  of  these  laws,  as  we  hterd  seeiiy  is  at  vanance  with  the  nsnlts  of  K. 

Begnault.    The  seoond  is  no  less  at  wiaace.    NevertheLess,  these  Laws,  although  not 

ahsolutely  tnie,  are  suffloieBtly  near  the  truth  to  justify  their  retention  in  ehemieal 

woziks.    Probably  they  would  be  absolutely  free  frcmi  all  error  if  applied  to  gases  dis* 

tsnt  by  an  equal  number  of  degrees  from  their  respeetire  points  of  condensation ;  henoe 

th»£raoti0&7^ofai«irbulkat32''maybe  used  to  indioate  the  expansion  suffered  by 

all  gases  for  eyeiy  degree  between  32*  and  212°  Fah.  *  *"  . 

Having  ^umorated  the  laws  of  the  expansion  <tf  gaseous  bodies,  it  will  be  desirable 

to  indicate  the  means  by  which  these  laws  hanre  been  deduced^    A  rectangular  box  of 

tiA-plate,  or  oopper,  is  supplied  with  five 

orifices— three  superiorly,  one  at  either 

extESBiity.    The  middle  one  above  gires 

entrance  to  a  thermometer,  the  stem  of 

which  is  packed  in  a  collar ;  the  two  re^ 

maining  apertures  above  are  int^ided  for 

the  escape  of  rapour.  The  tarmiaal  aper- 
ture a  also  giyes  oatraace  to  a  themiome^ 

ter,  whilst  the  aperture  at  ^  is  fitted  up 

with  a  bulbed  glass  and  stem,  constituting 

the  immediate  apparatus,  by  means  of 

which  the  rate  of  expansion  is  to  be 

determined.    The  tin  yessel  oantains  oil,  whieh*  admits  of  being  heated  by  means  of 

the  small  furnace  represented  in  the  woodcut,  to  the  degree  necessary  for  the  success 

of  the  experiment. 

ItwiU  be  eridentthat,  by  means  of  this  disposftioa,  a  yoiume  of  air  contained  in 

the  bulb  of  the  glass  tube  passing  through  b  wiU  be  expanded  into  a  laiger  yotome  so 

800B  as  heat  is  applied  to  the  tinvesieL 
It  remains  to  ascertain  the  rate  of  ex- 
pansion,  whidbt  is  easily  effected  by  a 
register  of  quieksilTer  in  the  stem  of 
liie  tube.  That  is  to  say,  supposing  a 
globule  of  quicksilver  at  the  begimiing 
of  the  experiment  to  stand  at  ^,  the  same 
globule  will  be  driven  towards  the  open 

end  <rf  the  tid)e  by  eveiry  Bohsequent  iaeremeot  oi  temperature  in  the  directicm  of 

It  will  be  peadily  ooaeeived  that  a  knowledge  of  the  exact  amount  of  expansion  to 
which  gates  are  subjeel  for  given  ranges  of  temperature  possesses  more  than  a  theo- 
retical intarest.  Although  the  ezponsian  of  all  gases  be  not  equal  for  equal  degrees 
aad  the  sane  mge  oi  tanq^eratuie  as  the  experiments  of  M.  Eegnault  have  proved, 
yet  the  approaoh  to  equality  is  such^  that  for  all  practical  calculations  the  proposition 
of  such  equality  may  be  assumed.  Perhaps  the  fraction  ^^  is  the  coefficient  of  expan- 
sion feroMdi  degree  belneen  32**  and  212''  Fah.,  the  most  in  accordance  with  experi- 
ments as  a  genfiBd  means  of  ohsoration.  I  shall,  therefore,  employ  it  henceforth  in 
die  ShMtrations  isiaeh  IbHow.  On  this  assumption,  it  aj^ears  that  491  Tolumes  oi  a 
gas  at  the  tempemture  of  32"  Fah.  expand  one  volume  for  every  degree  oi  Fafareoheifs 
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Bcale  between  32"*  and  212° ;  that  is  to  saj,  if  this  standard  measure  of  gas  be  heated 
to  212°,  it  willhaye  expanded  to  671  Yolumes.  Furthermore,  experiments  have  shown 
that  the  rate  of  expansion  at  temperatures  above  212°,  and  below  32°,  is  so  nearly 
accordant  with  the  range  between,  that  the  coefficient  of  expansion  may  be  considered 
universally  as  represented  by  ^J^.  Hence  the  correction  of  gaseous  expansion  and 
contraction  involves  the  adding  or  the  sul^tracting  so  many  ^tha  of  the  volume  of 
such  gas  at  32°,  as  there  are  inequalities  of  temperature  between  32°  and  the  degree  at 
which  the  experiment  is  conducted.  Thus,  suppose  that  a  graduated  tube  contains 
100  measures  of  gas  at  the  temperature  of  32°,  and  it  were  desired  to  ascertain  how 
many  volumes  it  would  occupy  at  42°.  Here  the  difference  between  32°  and  42°  being 
10  degrees,  the  100  measures  of  gas  will  have  expanded  -f^tha  of  100,  or  ^  X  100, 
which  must  be  added  to  the  original  100  measures.  But  100  added  to  -^  X  100  is 
the  quantity  102*037,  which  is  tiie  amount  of  expansion  sought. 

It  frequently  happens  that  the  problem  has  to  be  solved  of  reducing  a  gas  from  one 
temperature  to  another  temperature,  neither  of  which  is  32°.  This  may  be  accom- 
plished without  the  preliminary  trouble  of  finding  the  volume  at  32°,  by  introducing 
into  the  proportion  the  standard  measure  491.  It  has  already  been  shown,  that 
491  volumes  of  gas  at  32°  expand  one  volume  for  every  degree  of  increment  up  to 
212°  Fah. ;  and  whatever  the  quantity  of  gas  operated  upon,  the  expansion  is  in  the 
same  ratio.  Now  the  rate  of  expansion  of  the  standard  measure  491  volumes  for  any 
given  number  of  degrees  is  simply  ascertained  by  mere  addition ;  whence  it  foUows 
that  the  volumes  at  the  two  temperatures  are  to  each  other  as  the  standard  volume 
(491  at  32°)  increased  by  the  amount  of  expansion  due  to  the  temperature.  Thus, 
supposing  a  certain  bulk  of  gas  to  occupy  130  volumes  at  75°,  what  bulk  would  it 
occupy  at  42"*  ?  Here  the  first  questions  to  be  solved  are,  what  bulk  would  the 
standard  measure  of  gas  (491  volumes  at  32°)  occupy  at  75°  and  42°  respectively  ? 
These  questions  are  readily  solved  by  adding  to  491  the  respective  difference  between 
76°,  and  42°,  and  32**.  Now  the  difference  between  32°  and  75°  is  43°,  and  the  difference 
between  32°  and  42°  is  10°.  Hence  we  have  (491  +  43)  =  534  and  (491  +  10)  =  601 
as  the  respective  bulks  of  the  standard  measure  of  gas  (491  volumes  at  32°)  when 
heated  to  76°  and  45°  respectively :  and  calling  the  unknown  volume  V,  we  have  the 
following  proportion : — 

V:  130:  :  601  :  634; 


and  V=: 


130  X  601 


634 


=  11917; 


or,  130  volumes  of  gas  at  75°  would  occupy  119-17  volumes  at  42°. 

The  expansion  of  solids  may  be  made  apparent  by  heating  a  rod  of  iron,  of  such  a 

length  as  to  be  included,  when  cold,  be- 
tween two  points,  and  the  diameter  of 
which  is  such  as  barely  to  allow  it  to  pass 
through  an  iron  ring.  When  heated, 
it  will  have  become  sensibly  longer ;  and 
it  will  be  found  incapable  of  passing 
through  the  ring. 

These  operations  readily  demonstrate 
.     .  the  general  truth ;  but  the  amount  of  ex- 
pansion undergone  by  a  metallic  bar  within  a  definite  range  of  temperature  is  ascertained 
by  a  contrivance  of  the  following  description : — ^A  represents  a  bar  of  metal,  the  length 
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of  which  has  to  be  estimated.  The  bar  is  surrounded  bj  a  heated  bath,  and  is  supplied 
with  two  vertical  indices  (i  T),  one  attached  at  right  angles  to  either  extremity.  From 
which  airangement  it  fbUows,  that  in  proportion  as  the  bar  expands,  the  indices  will 
diyerge ;  and  that  the  amount  of  divergence  being  determined  by  means  of  the  gradu- 
ated rule  figured  above,  the  total  amount  of  expansion  undergone  by  the  bar  will  be 
appreciated. 

The  linear  expansion  of  a  metallic  bar  being  known,  its  total  or  cubic  expansion 
may  be  easily  deduced  from  the  following  consideration.  If  the  material,  instead  of 
being  in  the  form  of  a  bar,  were  moulded  into  an  accurate  cube,  then  it  follows  that 
the  total  expansion  of  the  bar  would  be  equal  to  the  total  expansion  of  the  cube ;  but 
the  latter  would  be  equal  to  the  cube  of  the  linear  expansion  of  one  of  the  edges  of  the 
cube.  In  other  words,  the  total  expansion  of  a  bar  is  equal  to  the  total  e^ansion  for 
the  same  thermal  increment  of  a  cube  of  homologous  sides.  Hence  the  coefficient  of 
linear  expansion  of  a  bar  cubed  is  equal  to  the  cubic  expansion  of  a  bar.  To  illustrate 
this  truth,  let  v  be  the  volume  of  a  cold  metallic  bar,  v'  its  volume  when  heated.  Now, 
as  the  expansion  takes  place  according  to  the  same  ratio  in  every  part  of  the  bar,  the 
latter,  when  jiot,  will  have  the  same  shape  and  the  same  relative  dimensions  as  it  had 
when  cold.  Hence  we  establish  the  proportion 
viif  ::  l:[l+d)';  or, 
v:v'  :  :  1  :  1  +  M  +  Sd^  +  eP. 
But  in  the  generality  of  these  cases  d  ia  bo  minute  a  fraction  that  Zd^  and  d^  are 
almost  inappreciable,-  and  need  not  be  taken  cognizance  of.  Hence  we  may  in  most 
cases  be  content  with  indicating  the  total  increment  of  cubic  expansion  by  3d:  neglect- 
ing Zd^  and  d^  altogether.  In  other  words,  the  linear  expansion  of  a  bar  multiplied 
by  3  represents  almost  exactiy  its  cubic  expansion. 

To  show  how  safely  Zd^  and  tP  may  be  omitted,  it  is  only  necessary  to  convert 
these  literal  coefficients  into  nianerals,  applying  them  to  some  specific  case.  Thus, 
supposing  a  rod,  or  tube,  of  flint  glass  to  be  20  inches  long  at  32°,  and  that,  when 
heated  to  212",  its  linear  amount  of  expansion  is  rM^  ^^  ^^  length  at  32'',  or 
T^th  of  20  inches  =  if^^  o^  ^^  ^^^  ^^  ^  decimals,  0*001602.  Reducing  now 
our  literal  coefficients  to  their  corresponding  numerals,  we  have 

Incbes. 
1  =  20 

d  =  yfj^  =    0-00160200000  of  an  inch. 

l+d  =  20+  t-JJt  =  2000160200000  „ 

Zd  =  yfJr  =    000480600000  „ 

3rf2  -  ^^^of^^       =    0-00007699200  „ 

^  =  T7T!m77T=    0-00000123640 
from  an  examination  of  which  the  extremely  small  value  of  Zi^  and  d^  may  be 
recognized. 

linear  JExpansion  of  Solid  Bodies,  when  heated  from  32®  to  212^  Fah. 

Black  marble  (Lucullite)  .       .        .  0-00035300  =  ^^  Dunn  and  Sang. 

Carrara  marble         ....  0*00083700  =s  -j^ 

White  glass  in  tubes  .  0*00089694  =  -^-^  Lavoisier  and  Laplace. 

Flint  glass 0*00081166  =  ^^ 

Earthenware 0*00083000  =  ^^  Balton. 
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9r«nm  Fayence        ....      «-(KM»OO00  c=  ^^^ 

.      O'OOieSSSSzr  ^    8iiiecto&« 

Bismuth 

0-00139167  =  yfff 

Efaic  (<*a0t) 

;      OdM94W7  =1  3iry 

^ammewd) 

.      0-008i08»»  =  3^7 

Mafeccatin      . 

.      O'O*10S7«»  =  Tb    Iatommt  and  Lapiftce. 

Lttd 

.      0'«02848»  T=  Tfir 

IrflBwve 

.       0'«0123«4  =  7i^ 

Copper     . 

,      0-60171738  =  Tk 

Bnwwwire 

«-Mld3S37  =  n^    Saieatoiu 

fiSUwr 

.      O-OOLOOfidB  =  3^    LsFoisierandLaplMS. 

Gold 

0-60155156  z=  tIt 

PkUaniun 

.      6.0009618    =  T,^  TiOBghlKm. 

Pafladiiiia 

.      6-6610000    =s  ttAjtt  WoUaston. 

Anomalous  Liquid  Expaiuiioii.-^B3r  iMs  term  may  be  indicated  the  peculiar 
rate  of  expansion  assumed  by  liquids  resolttng  from  the  compression  of  ^es. 
Philosophers  have  been  in  the  habit  of  stating  that  gaseous  bodies  are  those  which  of 
all  others  undergo  the  greatest  amouat  of  expansion  and  contraction  for  equal  rates  of 
temperature.  The  liquids,  however,  now  treated  of,  at  lea«t  many  of  ttiem— ^A-«p8 
all-^d^ait  widely  from  tiie  law.  Thus  liquid  carbonie  acid  is,  for  equal  increiinents  of 
heat,  considerably  more  expansible  than  air;  when  heated  from  32*to«6*Fah.,  twenty 
Tolumes  expand  to  twenty-nine,  which  is  about  five  timet  the  rate  of  atmospheric 
dilatation.*  liquid  sulphurous  acid,  «id  liquid  cyanogen,  according  to  Kemp,  follow 
a  corresponding  anomalous  law,  but  not  to  the  extent  of  «arbcnic  acid. 

On  reviewing  the  labours  of  philosophers  who  have  investigated  the  subject  of  rafte 
of  expansion  in  solids,  it  wiU  be  seen  with  regret  diat  no  general  principles  have  Hen 
deduced— no  law  arrived  at.  Nor  is  this,  peih^>s,  a  matter  of  «ca^rise,  when  we 
consider  the  variation  of  molecular  constitution  to  which  non-crystalline  solids  are 
subject,  although  their  general  physical  appearance  remain  the  same.  Thus  all  malle- 
able metals  are  subjocit  to  ever-vaiyii^g  dimensions,  according  as  they  may  have  been 
hammered  •  more  or  less ;  and  «11  fusible  %ietals  are  sftbjoet  to  the  same  variation, 
according  to  the  rapidity  with  which  they  are  cooled. 

A  similar  remark  applies  to  the  erccnrs  attendant  on  correct  determinations  of  the 
specific  heat  of  solids,  Thus  Begnicalt  has  mentionedf  that  soft  steel,  the  density  of 
^oh  at  14°  0.  is  7'6609,  poflscsses  a  specific  heat  of  0-1165 ;  whilst  the  specific  hevtvof 
hard  steel,  whose  density  is  7*7982,  rises  to  0-1175.  That  the  specific  heat  ojf  aetit  bell- 
metal,  having  a  density  of  8*6843,  is  0-0862 ;  whilst  the  same  metal,  hardened  to  the 
density  of  8*5797,  possesses  the  specifie  heat  of  0*0858. 

Theory  pointy  to  cry?t«lline  bo^i^i  «s  the  splid  ^laterials  from  «&  eztnimttioa  of 
whose  expansive  ratios  £gm^  g^D4)^  law  is  hereafter, to  bet  dedi;ced.  An  iuvps^gil^n 
of  this  kind  was  fir4  undertftken  bf  Hitsol^eilich ;%  in  ^irhose  steps  ^W^w^d  M,  Frwpd ;  § 


*  Thelorier,  "^n.  Chhn.  et  PV'lx*  ^7^ 
t  "Pogg.,"1.125;  ».187. 


«Pogg.  Annal.,"62,  50. 

BttU.  dfes  Sc.  Mathem.,"  1824,  ItK). 
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and,  mere  iatoly,  Messrs.  Playftdr  and  J-oak,*  to  whose  respectivo  communications  "flie 
reader  us  referred.  * 

Ttis  property  of  metals  lias  "been  applied  to  a  Toriety  of  xweful  pruTposes.  Hie  iron 
band,  «r  «ir«,  as  it  is  called,  of  a  carriage-wbecl,  being  purposely  made  a  little  smaller 
tliaa  tb^e  wooden  ckde,  is  enlarged  by  beat  so  as  to  embrace  Ih^  latter ;  and  being  then 
(suddenly  oooled  by  throwing  wat^  upon  it,  is  again  oointraeted,  and  becomes  immoyably 
fixed.  An  ingenious  use  of  ike  saine  principfe  wms  made  several  y«ars  ago,  at  Paris,  by 
M.  Molard,  in  restoring  to  the  perpendicular  two  opposite  walls  of  the  Miufleum  of  Arts 
and  Manufactures,  which  had  been  pressed  outwards  by  the  j  incumbent  w«gfet.  A 
similar  proeesfi  hac  been  had  recourse  to  in  e^Seeting  thte  restoration  of  the  Cathedral  at 
Armagh.  Through  hales  in  (^e  waQs,  opposite  to  each  olJier,  several  strong  iron  bars 
were  introduced,  so  as  to  cross  the  apartment,  and  to  project  outnde  the  buil^ng 
sufficiently  to  allow  strong  iron  pla?fces,  or  wtuhers,  to  be  screwed  upon  tfceir  ends.  The 
bars  were  then  heated,  and  the  iron  plates  screwed  up.  On  cooling,  the  bars  contracted, 
and  diew  the  s^«rated  wdls  nearer  togetiser ;  tuid  this  was  repeated  till  the  walls  had 
regained  their  perpendieuiar  position. 

The  expansion  of  metals  produces  important  eSS^ets  in  various  mechanical  instm* 
meats,  especially  in  eloclra ;  for  a  pendidum  vibrating  seconds  wiH,  by  «  change  of 
tonperaturo  equal  to  t&*  Fah.,  alter  its  lengtli  about  3^^  part,  whidi  is  sufficient  to 
change  its  rate  of  going  eight  seconds  of  time  per  day. 

CoatpeasaJtion  Pendulmns,  aaA  Balances^ — Various  plans  have  been  had 
reoourse  to  for  obviating  the  errors  attendant  upon  the  elongation  and  contraction  of 
the  pendulums  of  docks.  The  simplest,  and  per- 
haps the  best  plan,  when  very  large  clocks  aro  con- 
oemed,  consists  iu  making  the  pendulum-rod  of  wood, 
tiiickly  varnished.  The  inequalities  of  length  atten- 
dant upon  variations  of  temperaturo  aro  thus  in  a  great 
measure  avoided ;  wood  being  susceptible  of  Aese 
dianges  to  a  very  slight  extent.  Except  the  wood 
be  thoroughly  seasoned,  however,  and  the  coat  of 
varnish  be  accurately  laid  on,  variations  of  another 
kind  arise,  due  to  the  absorption  of  atmoi^heric 
moisturo ;  henoe^  except  for  very  large  clocks,  the 
employment  of  wooden  pendulum-rods  cannot  be 
recosnmeBded. 

Another  means  of  avoiding  this  source  of  error 
is  the  gridiron  pendulum,  as  it  is  technically  called 
— an  invention  of  Harrison.  This  form  of  pendulum 
is  now  rardy  employed  in  England,  although  it  is 
commonly  used  alnroad,  not  exactly  in  its  primitivo 
state,  but  slightly  altered  and  improved.  The  im- 
proved gridirosi  compensation  pendulum  will  be 
underrtood  by  reference  to  the  accompanying 
woodcut. 

The  compensating  part  of  the  instrument, 
ai    hem    representedy    consists    of   five    vertical 

locb,  attacbod  to  each  ether  in  the  gridiron  form,  in  a  manner  to  be  presently 
•  "  Qb.  Jour,  of  Chem.  Soc.'»  i.  121. 
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described.  Of  these  rods,  three  (Nos.  1,  3,  and  6)  are  of  steel,  and  two  (Nos.  2  and  4) 
of  zinc.  *  The  steel  rods  1  and  5  are  secnrely  fastened  aboye  to  the  brass  cross-piece  A  a, 
and  below  to  another  brass  cross-piece  of  similar  kind,  B  b.  The  central  steel  bar  is 
■not  attached  to  either  of  these  cross-pieces ;  but  perforating  the  lower  one,  it  is  fixed  to 
the  pendulum- weight,  and  at  its  upper  extremity  is  attached  to  a  short  brass  cross- 
piece,  which  also  serves  as  the  point  of  attachment  for  the  upper  ends  of  the  zinc  rods 
2  and  4,  the  lower  ends  of  these  being  fixed  to  the  cross-piece  Bb.  The  total  expansion 
of  zinc  for  a  given  range  of  temperature  exceeds  that  of  steel  by  more  than  double ; 
hence,  in  the  above  instrument,  the  mutual  ratio  of  such  expansion  between  the  two 
metals  is  represented  by  an  aggregate  length  of  steel  bar,  which  expands  equally,  for 
oqual  temperatures,  to  an  aggregate  length  of  zinc  bar ;  and  in  proportion  as  this  ratio 
is  accurately  maintained,  so  will  be  the  accuracy  of  adjustment  Theoretically,  it  is 
conceivable  that  bar  No.  3  should  be  pushed  as  far  downward  as  the  zinc  bars  are 
pushed  upward ;  but  in  practice  this  accuracy  is  seldom  attained. 

In  the  original  gridiron  pendulum  of  Harrison  brass  was  used  instead  of  zinc  for 
the  upward  expansion ;  but  in  this  case  nine  bars  were  necessary  instead  of  five^-the 
diflEerence  of  expansion  between  steel  and  brass  being  less  than  that  existing  between 
steel  and  zinc.  A  third  description  of  compensation  balance  depends  for  its  construction 
on  the  same  principle  as  Bregult's  thermometer,  and  the  compensation  balance  spring 
of  chronometers,  presently  to  be  described. 

Let  a  represent  a  metallic  pendulum-rod,  suspended  in  the  usual  manner  by  a  thin 
metallic  slip  to  the  fixed  point  b.    Let  e  e  rcfpresent  two  compound  sUps  or  stops,  each 

formed  of  two  plates,  one  of  brass,  the  other  of  steel — 
the  brass  aspect  being  uppermost.  These  compound 
slips  being  fixed  at  the  end  furthest  removed  fix)m  the 
pendulum,  and  free  to^move  at  the  other  end,  the 
result  will  be  as  follows  :~When  the  temperature  is 
elevated  the  pendulum-rod  will  be  elongated,  and  were 
there  no  compensating  adjustment,  the  rate  of  going 
of  the  clock  would  be  retarded ;  but  the  same  eleva- 
tion of  temperature  affects'the  stops  e  e,  causing  the 
brass  portions  of  them  to  expand  more  t^^Ti  the  steel 
portions,  and  producing  in  each  a  curve,  the  convexity 
of  which  looks  upw;ard,  as  represented  in  the  woodcut 
(2),  the  virtual  effect  of  which  is  to  shorten  the  pen- 
dulum. The  effect  of  diminishing  temperature  will 
obviously  be  the  converse  of  the  preceding,  and  will 
be  represented  by  the  woodcut  (3).  Perhaps,  however, 
_.  ^.^  the  most  usual  contrivance  had  recourse  to  fox  the 

^  ^^      i  I  purpose  of  equalizing  the  effective  length  of  a  pen- 

^       ^^      mm  dulum,undervaryingtemperatures,isthat  of  making 

the  pendulum-weight  a  mass  of  quicksilver,  which, 
being  placed  in  a  glass  jar  of  proper  dimensions,  can 
be  so  adjusted  as  to  expand  upwards  in  the  same  ratio 
as  that  in  which  the  pendulum-rod  elongates.  The 
mercurial  pendulum  (see  next  page)  is  now  almost  ex- 
clusively used  in  this  country.  It  was  invented,  in 
1722,  by  our  countryman  Graham,  and  is  represented  by  the  following  sketch  : 
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The  compenBation  balance,  which  is  the  principal  distinctiye  feature  of  the  modem 
^^^^^       chronometer,  is  represented  hj  the  accompanying  woodcuts,  which 
illustrate  the  two  yarieties  of  this  interesting  piece  of  mechanism. 

The  semicircular  pieces  which  form  the  rim  of  the  balance  con- 
sist, in  both  the  instruments  here  represented,  of  a  very  thin  piece  of 
steel,  with  an  outer  rim  of  brass  firmly  attached  to  and  forming  one 


Fig.  I 


Fig.  2. 


piece  with  it.  The  manufacture  of  these  compensation  balances  is 
exceedingly  curious.  A  circular  piece  of  steel,  of  the  size  of  the 
intended  balance,  being  accurately  turned,  a  small  piyot-hole  is  made 
through  the  centre.  It  is  then  immersed  into  fused  brass,  with 
which  it  becomes  accurately  coyered.  Subsequently  the  brass  is  filed 
away  from  the  sides,  and  partially  from  the  edge,  in  such  a  maimer 
that  only  a  ring  of  brass  remains  firmly  attached  to  the  steel  at  every 
point ;  ^e  whole  is  then  carefully  condensed  by  means  of  hammering 
or  burnishing,  the  steel  is  turned  away  from  the  centre  and  the  brass  externally,  so  as  to 
leave  a  thin  compound  ring,  of  which  the  brass  part  is  about  twiee  thethiekness'of  the 
steel  part.  During  this  operation  the  steel  is  not  entirely  removed  from  the  centre— a 
thin  portion  being  left,  out  of  which  is  cut  the  bar  A  B.  The  balance  is  completed  by 
removing  the  supeifluous  parts  of  this  transverse  piece  of  steel,  and  cutting  through  the 
compound  ring  at  a  a.  The  balance  is  next  adjusted,  which  is  either  accomplished  by 
sliding  weights,  as  in  fig.  1,  or  by  a  number  of  small  screws,  as  in  fig.  2,  which  admit 
of  being  screwed  in  or  withdrawn  according  to  circumstances.  The  screws  C  0,  called 
nuan'tme  screws,  regulate,  by  being  screwed  in  more  or  less,  the  rate  of  the  chxono-^ 
meter,  but  have  nothing  to  do  with  the  compensation  for  changes  of  temperature. 
This  is  effected  spontaneously  by  the  very  nature  of  the  balance  itself,  on  the  principle 
that  brass  and  steel  expand  unequally  for  equal  temperatures ;  the  compound  rim 
curving  inwards,  and  thereby  diminishing  the  centrifugal  force  of  the  balance  when 
the  balance-spring  is  relaxed  by  heat ;  or  expanding,  and  thereby  producing  the  con- 
trary effect,  when  the  spring  is  braced  by  cold.  The  proper  situation  of  the  weights 
W  W,  or  the  regulating  screws  1,  2,  3,  4,  is  ascertained  by  experiioient ;  the  amount  of 
compensation  being  greater  in  proportion  as  the  weights  are  nearer  to  the  free  ends  of 
the  rim  in  the  balance  represented  by  fig.  1,  while  in  the  other  form  the  Uke  effect  is 
produced  by  making  the  screws  project  more  or  less.  Finally,  the  whole  balance  spring 
is  in  many  cases  protected  firom  atmospheric  agencies,  and  the  steel  portion  of  it  protected 
from  rust,  by  covering  it  with  a  thin  layer  of  gold  by  the  electrometallurgio  process. 
This  process  is  due  to  the  ingenuity  of  Mr.  Dent,  who  has  also  introduced  the  improve- 
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BMiik.  of  oMtking  the  Valance  q^ring  of  glau  f  tke  ovlj  diBadyastftge  ia,  the  uae  of  which 
iMsQig^  th»  difficulty  of  malring  ihi»  delicate  appendage  with  certaiotj. 

The  degiee  of  ezponaitHi  is.  not  the  same  fee  all  soUds,  aoBid  even,  differs  locnferfflXly  in 
mhatanees  of  the  mnM  elaee.  Thtt%  the  sietali  ezj^end  ia,  the  loEewing  order^the  most 
ex|MUi£Bble.  heiag  plaeed  fixst :  zisc,  lead,  tia,  ooff^f  htsauith,  iroa,  steel,  atltimony, 
fuBadinm,  ptatkuiim.  The  expenmeixta  of  Petit  aiid  Bulong  ("  Aaoals  of  Philosophy/' 
siii.  164)  tend  to  show  that  unequal  degrees  of  expansion  are  produced  in  a  bar  of 
metal  by  a  succession  of  similar  increments  of  heat ;  the  rate  of  expansion  increasing 
with  the  temperature^  as  appears  from  the  following  taMe- : — 


Temperatures  measured  by 

ExpwtaifDne  in  bulk  of 

Linear  Expaasions. 
Iron.    Copper.    Blatinum. 

0°  to  I0<f  cent,  gire     ,     . 
0°  to  300'  cent,  (mean)     . 

-    ^Is        xi*        -wkj 

•.    TaT          TTT          Ts^ 

■eh:        isJt        W« 

The  expa&sion  of  bodies  by  heat,  and,  conversely,  iheu:  contractiett  hjr  eoU^  ate 
functions  not  only  of  theoretical  interest,  but  of  the  highest  practical  imf  ortaBaee**  ITot 
only  is  a  correct  knowledge  of  this  amount  of  expckneieii  necessary  to  the  wcMtcd  and 
engineer,  but  the*  greactcr  number  of  our  instruments  for  indicating  $jjd:  meaiBrtng 
ita^awttufe  ^c^evtdi  uj^oa.  aa  aig^lieatioxb  of  the  lawa  of  ex^^aasian  aad  conlinetieB*  An 
iartmmaat  mogr  Ve  adi^led  jaenly  &r  indicafting  a  difference  of  tempeaatare,  witfifut 
<irtqoBeiiia^fb»a&»(nBiio£sadkYaristioB.i  such  instnucueiitB  aoe  termed  tibeimottopes. 
Oiber.ioBftiniawnti  aw  adafted  set  only  to  indicate  &  difTeseiice  of  tesip«atttrerfe«t  the 
JMMAiBLi  of  thtfft  lUSncAeAt  Mferred  iA  s^Bte  eonventiooaL  staodaxd  a£  gra^sataour  Sach 
■iiiiiiiMiiiilli  aidleniiftd  theriB<Maeten  when  the  teispersfeusea  intended  to  be  aieasured 
VjrthetoL  ftfe  hur  ;  pyiOiaeiei«  vbenthe;  are  destined  to  measure  temperatmres  of  a 
jm^mjBB^S^  Giemikf  lyeaikfag,  tha  dsfiSereaeei  between,  the  two  ia  arbitrary;  and  the 
4kiabie  aaa»  «iema  vliBiSeefleary^  It  ia  g^wntlly,.  however,  uadentood  that  eireiy 
iaiifbiaHBftiiBfcadtdloKthexiieaiiu<»B(eiifc  ef  tempcsatores  absva  the^  boiLiufg  point  of 
4hMfaiayv  MB°  FiA^  ie  a  P3!(reaMtar. 

A  tecBRptioii  d  HiB  ^lffereat.Taiieti0s  of  thenMse^^es,  thermemi^rs,  and  pjFTd- 
okelcn^  will  Ik  pnen  h&eaHt&s,  la  thie  place  it  jb  aaerriy  desireBL  to  discaea  the  eoDr 
'^hJeaa  naiumay  to  fce  {Danseed  by  a  tfa«nBe^ap«ksiTe  XLaterial^iB.  ordmrthotit  may 
1»  adapted  tQ>  the  foamatioaEi  of  beat^Bfteaaunng^  or  heftj^indieatiag  instraiaeBts. 

'  inaskaueh  as  scdicli,  llqsd^  oad  gases^  axe  all  auljeet  to  the  g^neral  law  of  exgea^ 
fliM.  by  heat  ftuMl  its  eonyoaey  these  dees  ao&  iq^ear  any  theocetioal  dpriari  oijeetioa 
'fio-  tbe  fldoptico)  ef  ^i&et ;  neTotbeieflf^  it  wiU  be>  ee^,  on  coaaideratioB,  tiiat  the-  ther- 
iii<»Betrie  rtcBgo  of  amy  gi'«a  Hqaid  is  Hauted  by  the  solidifsriDg  or  freeaii^  point  of 
'  0nch  liquad  at  oaie  extseuttty  <tf  the  seaile,  aad  itjs  bealmg  p(»at  at  the  other ;  fee  whieh. 
VMbSon  li^pndB  ara  unadapted  to  axcarare  by  iAma  amouat  oS  dilatation  the  existenee  of 
H3ie'  higher  teBvperataRa^^-ia  other  wos6»f  they  are  iaapptieaMe  to  the  purpose  of 
'^^Mseters,  fov  wliiidi  latter,  either  soHda  of  great  infa^bility  ob  g^sea  auiat  be 
eiapioyed.  It  happens,  nevearthclesa^  thait  by  fir  the  greater  namher  of  thera^ 
Ithenoaieaa,  inreseiitiiig  tb«msd.Te»  in  ordinary  philoeophieti  invesligatioxis,  are*  aot 
•aboi^  th-e  degree  of  662°  Fah.^  or  that  of  the.bmKngpcant  of  mereury,  asndaot  below  the 
.fi«edang«»pOfnt  ef  ike  same,  which  is,  in  round  nnishen^  —  4^°,  or  40"*  bdlofw  a^Ov  JBence 
-'d^  ex^yaaiSLon  afn^eoatractioii  otf  tteicao^yin  a  graEbsate^ 

ineretiiial  thermoBieter,  beoofmcB- the  most  asaal  standard  of  tbcrmofaetzie  eaaipsiifliHL 
If  mereiiry  vmre  eadowed  with  a  fteeziog^ziil;  lerwer  than  —  40^,  to  an  ezteai  eonaitn- 
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sorate  witb  1^  wmtft  of  pliUoaoph«xa»  there  seenw  ao  resnoa  wky  any  othei:  H^uid  tbsm 
BMTOiuy  i^MKild  be  eayloy ed  in  thfltrpaottetera ;  Ini  occattonallj  temperatures.  iuaYe  to 
be  mfianzfld  Ytimh  are  l&wer  thasa.-^  40^  Heocey  fame  li^iud  must  be  emplajred  that  i» 
capable  ofretaiiung  its  ftaid  atate  fiur  belov  tiiia  temperatuze.  Alcobdl  ia  the  fluid  tbeo 
ad^ted.  Pure  alcohol  has  afliver  beeairoze»y  hence  there  i^uld  aeemno  limit  £rom 
ihsA  cauae  ia  the  downward  scale  of  ia£«atioiL,  and  h  answeis  the  i&tended  parpoaa 
very  satialactoialj.  In  oomductiag  certain  specific  lines  of  research,  thermometera 
fiUed  with  other  li^|iud»  than  mercory  or  alfiohol  h«ire  bean  occasionally  employed  by 
philosophexav  indeed,  every  Hquid  may  be  employed  aa  a  mediuia  of  thenaometEic 
XBaaauzemeBi  between  the  limita  of  its  lietzisg  and  boiling  point,  with  the  sole  axcep- 
tion  of  watetr,  which,  en  account  of  a  peeuliaiily  of  espasaioa  and  contraetioii,  to>  be 
dflla^d  hereafter,  is  unadapted  to*  the  purpose. 

Wedgwood;  and  althou^  the  instrument  be  iBcoxrect,  it  is  etiE  worthy  of  a  giuxt  notiea. 
Mr.  Wedgwood,  in  the  course  of  his  technical  operations,  had  his  attesitioftdaeeledto  tlu[ 
g^itraotion  of  clay  when  exposed  to  fiunae^  heat.  Imagining  that  the  aznonnt  of  eon- 
tEaotiegn.  was  freportioanl  to  the  heat,  es^efed,  the  idea  iNWCBwd  of  mrmsiMnng  lagti 
t«iB|^anitures  by  estintttiqg  tha  amomtrof'  oonlvaQtien  wadergooe  by  m  aeowmtelir 
formed!  wedge  of  clay.  Supposing  the  first  assumption,  to  be  eoac»ot^  it  hk  esvidant  tiuit 
tfaDreaolt  would  hayebeen  aa  Wedgwood  anticipated  j  and  that  a  eUty  wedge^  wMoh 
be6)ca.  heating,  exactly  fitted  a  ;gange,  woR^d  afies  heafting  no  Icoger  fi,t  the  mib» 
gauge.  Such  is  the  principle  of  Wedgwood's  pyronxetep ;  tiie  gaugepf  whifih  ia,$f^fai^ 
of  two  convergent  metallic  grooyes  in  a  vertical  plane,  and  graduated.  In  proportion 
as  the  w«dge  eaSEk  deeper  towttrdiirihef  ttp&s:  61  tMBttet^hnt^  6f  thef  gto6tetf,  so  was  it 
assumed  that  the  heat  to  be  estimated  had  been  greater. 

Even  haci  tbe  ptilkejpie  been  correct,  an  l^ost  insuperable  difficulty  would  have 
interposed  io  Ute  circumstance  that  no  two  specimens  of  day  are  exactly  of  the  same 
composition.  But  there  is  another  obJectie%  H/ae  of  fUtuApJey  and  it »  fatal  toi  tii« 
accuracy  of  the  instrument.  A  long  con^enietft  and  gentle  heat  is  eoni^«Miit>  19  nlfecflf 
the  same  atncmfit  of  contraction  ad  a  short  Imt  violent  heat  It  may  be  well  heri?  ta 
point  out  that  &e  contraction  of  day  by  heating  is  not,  as  it  at  first  seems,  an  except 
tion  to  the  general  law.  Gla^  smffais  contraetion  on  aceeunl'  of  tihe  loss  of  water  witk^ 
which  it  is  chemically  combiBed. 

A  more  accurate  pyromet^  Is  thilt  Iny^etri^  by  iJiie  hie  1?)y>fe6Sor  Daniell,  and  W^ieh 
bears  his  name.  It  is  founded  on  ^  principle  of  measuring  the  expansion  occurtlllg 
to  a  bar  of  metal,  for  the  most  part  of  platium  or  iron.  Like  the  pyrometer  of  Wedg- 
wood, it  consists  of  two  parts ;  one  of  which  alone  is  subjected  to  heat,  the  other  being 
a  register,  or  measurer  of  dilatation.  That  portion  of  the  instrument  subjected  to  the 
elBlf«lV«f  heat,  eoxUlAsttf  of  a  bleek  of  l^<^-}ead  cvMibie  wai^,  iiHKi^  irMch,  but'  not 
throiigli  it,  Is  drilled  il  hole^  st^ttetfaing  longer  thctn  a  i)(tet«lllic  barmtiteded  to  be^  dropped 
iMbil  likip^MM^^  an  ebMlY»tio(i  t(f  be  nra^,  the  irietal£e  bterift  ftnht  pSaeed  int  Hi^ 
bliMk4ead  sheath,  atid  ft  cylfedrfcai  piece  of  porcelain  inttt)dttced  abote.  The  inteirtien 
ot^Ms  poftjelaift  e;f*aideT'  i§  to-  act  asr  faa  index,  for  wldeh  ptu^Ose  it  is  fixed,  by  means 
o#'a  jJatinttAi  striftp  and  porcelain  wedge,  loosely  enemgh  to  admit  of  motion  foarwastk' 
aslfce  k^  presses  against  it,  but  with  stifficient  tightfte^  not  to  slide  back  again.  All 
that  new  rc^idns  to  be  done,  isr  to  mea^tire,  by  means  of  a  grttduatted  scale,  theamomrt 
tO'Whieh  the  index  haa  been  thr^t  Ibrword. 

"  When  an  observation  is  to  be  made,  a  bar  of  platinum,  or  malleable  iron,  is  pkiodd 


Digiti 


zed  by  Google 


120 


FB0GRES8IYS  DILATATION  OF  BOLIDS. 


in  the  cayity  of  the  register,  the  index  is  to  he  pressed  down  upon  it,  and  firmly  fixed 
in  its  pUce  hy  the  platinum  strap  and  porcelain  wedge.  The  scale  is  then  to  he  applied 
hy  carefully  adjusting  the  hrass  rule  to  the  sides  of  the  register,  and  fixing  it  hy  press- 
ing the  cross-piece  upon  the  shoulder,  and  placing  the  moreahle  arm  so  that  the  steel 
point  of  the  radius  may  drop  into  a  small  cavity  made  for  its  reception,  and  coinciding 
with  the  axis  of  the  metallic  har.  The  minute  of  the  degree  must  then  he  noted,  which  the 
nonius  indicates  upon  the  arc.  A  similar  ohserration  must  he  made  after  the  register 
has  heen  exposed  to  the  increased  temperature  which  it  is  designed  to  measure,  and 
again  cooled ;  and  it  will  he  found  that  the  nonius  has  heen  moved  forward  a  certain 
numher  of  degrees  or  minutes.  The  scale  of  this  pyrometer  is  readily  connected  with 
that  of  the  thermometer  hy  immersing  the  register  in  hoiling  mercury,  whose  tempera- 
ture is  as  constant  as  that  of  hoiling  water,  and  has  heen  accurately  determined  hy  the 
thermometer.  The  amount  of  expansion  for  a  known  numher  of  degrees  is  thus  deter- 
mined, and  the  value  of  all  other  expansions  may  he  considered  as  proportional."—^ 
Dakusll's  Elements. 

The  accuracy  of  this  instrument,  it  is  evident,  will  he,  ceteris  paribus,  in  proportion 
to  the  equality  of  dilatation  experienced  hy  the  metallic  har  at  different  temperatures ; 
hut  this  not  heing  strictly  the  case,  the  pyrometer  of  Daniell  is  open  to  the  ohjection 
which  appHes  to  all  thermometers. 

The  instrument  has  heen  successfully  applied  to  the  purpose  of  ascertaining  the 
maximum  expansion  attained  hy  any  metal  hefore  undergoing  fusion.  In  this  way  the 
following  results  were  ohtained : — 

TABLE  OF  FBOOBBSSrvS  DILATATION  OF  SOLUM. — 1000000  FABTS  AT  62% 


At  212°. 

At  C62^ 

At  FuAing  Point. 

Black-lead  ware  . 

1000244 

1000703 

Wedgwood  ware 

1000735 

1002995 

Platinum 

1000735 

1002995 

1009926  maximum,  hut  not  fused 

Iron  ^wrought) 
Iron  (cast)   . 

1000984 

1004483 

1 0 1 8378  to  the  fusingpoint  of  cast  iron 

1000893 

1003943 

1016389 

Gold   . 

1001025 

1004238 

1024376 

Copper  . 

1001430 

1006847 

1024876 

Silver  . 

1001626 

1006886 

1020640 

Zinc 

1002480 

1008527 

1012621 

Lead   . 

1002323 

... 

1009072 

Tin 

1001472 

1003798 

The  air  thermometer  of  FouiUet*  consists  of  a  hollow  platinum  sphere  communi- 
cating with  an  escape  tuhe,  through  which  the  air  presses  in  proportion  as  the  heat 
applied  to  the  hollow  sphere.  Although  the  principle  of  this  instrument  is  simple,  it« 
practice  is  attended  with  many  difficulties.  So  many  precautions  have  to  he  taken,  and 
corrections  made,  that  its  indications  can  scarcely  he  depended  upon.  By  slightly 
varying  this  principle,  a  very  ingenious  air  pyrometer  has  heen  contrived  by  M. 
Peterson.  His  apparatus  consists  of  a  platinum  flask  closed  hy  a  screw,  hut  not  abso- 
lutely air-tight.    Thus  prepared,  the  flask  is  taken  from  the  source  of  heat  and  rapidly 

•  "  Poggendorff's  Annalen,"  39,  867.     "  Pooillet's  ElAnens  de  Physique  et  de  M^tforologie,"  Sm* 
Ed.,  torn.  I.,  p.  S51. 
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plunged  under  water,  when  the  internal  yolume  of  air  contracting,  water  rushes  in 
between  the  screw  threads  to  supply  its  phice.  The  flask  being  now  weighed,  it  is 
eyident  that  the  iaciease  of  weight  due  to  tho  presence  of  water  will  be  directly  pro- 
portionate to  the  amount  of  air  expelled ;  or,  in  other  words,  to  the  ai^s  expansion  due 
to  heat.  Hence  the  determination  of  the  amount  of  heat  ultimately  resolves  itself  into 
a  determination  of  the  air  expansion ;  and  as  air  expands  -^  th  of  its  yolume,  at  32*"  for 
the  increment  of  eyery  degree  on  Fahrenheit's  scale,  the  theoretical  solution  of  the 
problem  is  easy,  although  certain  practical  difficulties  intenrene. 

All  the  thermometric  and  thermoscopic  instruments  hitherto  described  haye  refer- 
ence to  the  thermal  variation  in  dimensions  of  solids,  liquids,  or-  gases ;  the  most 
delicate  indicator  of  temperature  or  thermoscope,  however,  is  totally  independent  of 
this  ftinction,  and  derives  its  iadications  from  an  observance  of  the  deflection  of  a 
magnetic  needle.  The  fuU  comprehension  of  the  nature  of  this  instrument  must  be 
postponed  until  the  chapter  on  electricity,  on  the  operation  of  which  it  depends ; 
meanwhile  it  may  be  stated,  however,  that  the  alteration  of  temperature  occurring  in 
any  body  is  always  accompanied  by  electrical  disturbance, — which  electrical  dis- 
turbance, if  made  to  traverse  a  circuit  parallel  to  a  freely  poised  magnetic  needle,  the 
latter  is  more  or  less  deflected;  whence  it  follows,  that  the  deflection  of  a  poised 
magnetic  needle  becomes  an  indication  of  temperature.  Unfortunately  this  very 
delicate  instrument,  although  highly  sensitive  to  changes  of  temperature,  is  not  com- 
petent to  indicate  the  amount  of  such  change — hence  it  is  a  mere  thermoscope,  not  a 
thermometer.  *  By  its  inventor,  Signor  NobiU,  this  instrument  has  been  termed  the 
thermomultiplier :  it  has  been  much  used  by  Signor  Mellon!  in  testing  the  presence  or 
absence  of  thermal  rays  in  luminous  radiant  matter. 

M.  Breguet  has  constructed  a  very  sensible  metaUio  thermometer,  for  temperatures 
between  the  freezing  and  boiling  points  of  water,*  by  taking  advantage  of  another 
thermic  function,  the  unequal  expansion  and  contraction  of  diflbrent  solids. 

A  good  class-room  experiment  for  illustrating  this  inequality  of  expansion  is  the 
foll6wing.  Let  there  be  provided  two  slips,  or  thin  bars,  one  of  iron,  the  other  of 
brass — each  about  -^Vth  of  an  inch  thick,  about  2  inches  wide,  and  15  inches  long.  Let 
these  two  slips  of  equal  sise  in  eyery  respect  be  now  flrmly  rivetted  together,  and  a 

compound  slip  formed,  as  repre-     ^^.      .       .-. 

aented  by  the  woodcut  a.  ^^^^^s^Bs^smmBimmssa^aasm^ss^  O^' 

Exposed  to  ordinary  atmospheric  temperatures,  a  compound  slip  of  this  kind  remains 

straight ;  but  if  it  be  heated,  a  curved  form 

results,  as  shown  in  Pigs,  b  and  e,  the  con^ 
vex  side  of  the  curve  being  in  all  cases  the 
brass  slip,  whether  the  source  of  heat  has 
been  appUed  to  the  iron  or  the  brass  side  of 
the  compound  slip. 

The  principle  of  Breguef  s  thermometer 
will  now  be  readily  apparent  It  consists 
of  a  slip  of  silver  and  another  of  platinum,  united  face  to  face  with  solder,  and  coiled 
into  a  spiral,  one  end  of  which  is  fixed,  while  the  other  is  connected  with  an  index 
which  moves  over  a  circular  graduated  plate.  St«ctly,  two  metals  only  are  sufficient 
for  the  purpose,  platinum  and  silver  for  instance ;  but  it  has  been  found  to  be  an  improve* 
ment  to  employ  three,  and  the  instrument  is  now  prepared  by  interposing  between  the 
•  "  Ann.  de  Chim.  et  de  Phys., "  t.  81 2. 
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piatisBia  aftfll  fAmt  a  anetal  of  mnn  diUitolD&Ulyy  mieh  as  pure  gold.  Tlie  uaeqjaal 
ezp«ngioa  of  the  metcb  oftiues  the  spiral  to  incicaae  as  dintiirialv  the  degree  of  its  cur- 
Tstizre  by  vamtioiii  a£  temgtsrsdsam ;  imd  the  needle^  beiag  attached  at  right  aiigla»  to 
tkft  axis  of  the  ipizaly  is  thus  made  to  trayerae  the  gjraduated  drcle.  SzperiiKieiit  has 
shown  thai  th6  seedld^  for  equid  dumgea  of  teia|»eratttre^  aaovea  oyer  equal  avcs,  so  that 
the  iastmment  is  comganhUf  not.  only  wilh  itseU;  hut  witk  others  eoostiwsted  on  Hxe 
9attL&  prine^ie.  Soeh  was  found  to  he  hs  great  sensibility,  that^  when  infilosftd  in  a 
large  receiver,  which  -was  xapsdly  ex&ansicfd  by  the  air*]wiii$»i  il  indicated  a  reduction 
of  tempentore  fxom  66°  F|kh.  to  25°  (=  ^l"*),  while  a 
aeasy^le  nseaewial  thepAKNueterj  similarly  situated,  fell 
ottly  3*6°.  The  i^pp^ided  waodeutiuarther  illustrates  t]be 
nature  of  tko  mctvuiaeiit, 

To  the  genearal  law  Oif  the  e:q^«i&sion  of  bodies  hj 
heaty  and  their  coatzaBtios  by  cold,  tliero  are,  boweter, 
■etond  cxMi^iia.  ,  Wates  by  freezing  is  eonsijeribly 
iBc««as0d  faa  buJk ;  sMta  ia  ^  act  of  ciystallizing  ex- 
pand f  anrd  aOlaa  of  ^  metals,  as  cast-iron,,  biamut^^  and 
antiiattity,  ha^  tbek  dim^isions  enlarged  %  con- 
.  g^aHag^  ])vil^  mettasy  and  other  metals  follow  the 
genextd  law,  aad  oeoiipy  less  bul^  wheiji  solid  than  whsu. 
fluids 

Thegrtaterbuycosc»ipM.b3F^ieethaft  Hu  water  yielding  it  is  bat.ona  ezemplio 
fioatioa  of  a  gesflral  laniT  t»  irldchi  th^.  fp^s^  nusaJber  of  crystalUzahle  bodies  ara 
subject— t.  e.y  they  expand  during  t|iA  aet  of  cffSjtaUi!»Ktion.  In  another  respect  the 
wfhiHma  ol  water  to  temparatiro  atkd  }m\k  are  xepiaskaUe,  and  without  parallel.  Kot 
onfy  doeai  water  oiiaiid  a*  93"^,  ^a  ^eceing  teaageratuzs,  bni  some  degrees  aboye  tl^s^ 
inasmuch  as  apavlLaA  oi  imtev  as^auaa  i|a  greatfist  density  somewhere  between  the 
degrees  of-aO"^  aad40?  Bah.,  sd  t2ial»  if  brtoa^  ta  this  temperature  a  portion  of  water 
expsm^  w^ethev  beated  ox  eoolad^  This  li«t  nay^  readily  be  demonstrated  by  zneana 
of  a  simple  aypsrotns^ 

.  Let  &  FItvmce  oik  fiash  be  aapp Ued  witk  a  tightly^fitting 
perforated  cork,  to  which  is  attached  a  piece  of'  glass,  tube^ 
hatiDfa-betoiMBathoatgiktbto^he  tan^  of  an  inch  in  dia- 
meter^  and  a  length,  of  about  two  feet. 

Let  the  Florence  flask  be  now  propped  upright  by  means 
of  a  ring  of  tow,  or  o4her  conyenient  support,  in  a  beaker  or 
jaiy  to  scrye  the  putrpose  of  a  bath,  and  let  water  ef  tho-tem- 
perature  of  about  60^  Fah.  be  poured  into  the  txibe  untiL  the 
flask  and  tube  axe  nearly  full.  This  disposition  being  made 
cold  should  be  now  applied  to  the  Florence  flask  externally, 
by  pouring  water,  containing  a  little  ice,  into  the  Btttiik. 
Under  these  circumstances  the  level  of  the  water  in  the  tube 
will  continue  to  fall  until  the  thermometer  indicates  the  tem^ 
perature  of  the  bath,  and  consequently  of  the  water  in  the 
Florence  flask,  to  be  about  40°  Fah.^,  From  this  point  it  will  be  remarked  that  a  con- 
tinued application  of  cold  occasions  ea^ansion ;  and  this  expansion  through  the  eight 
degrees  of  decrement  of  temperature  between  40''  and  32%  is  about  equal  to  the 
;  expansion  consequent  on  eight  degrees  of  thermal  increment ;  so  that  at  38"*  Fah.  a 


Digiti 


zed  by  Google 


CONSTKS^CnOM  Of  THE  THlSSllOKCTEB.  1^3 


9^M>ireigHof  wttteKOeeapiettbennie  balic  m  at  42%  ttt  W°  Fah.  th«  same  Mk  as 
at  4a%  aad  iau  Itkg  nwrnier  for.  tlt^  ismuamag  degiwi. 

Tkd»  lyecaiiaitt^  m  thfrespawioa  sad  (MMttiaHioik  ol  ^ater  mulex  thetnaal  iiifiiieace 
^raa  fiol  nsmaikea  bjr  the  Fkaentiiie  aeadCTmuMms  towarda  Ibje  kttev  end  of  the  I7tk 
f«it«7,  and  alwaafcinaMdiakilir  aikr  eonfinaed  mrj&tgbBd  Ijy  DtB.  GaHine  aad Walli% 
imil  Mctan.  Hookd  and  Hunt. 

Jw  the  lake  o£  sradiBg  complieatiba  in  £reefci(n»  fcr  eondtictiiig  the  preeedioB^ 
«iq»^ia«iiii^  tWrrandMimbery  4CP  Faiuy  has  beea.  adopted  a*  tiiat  at  wMeii  a  given 
wf  %!Mi  of  irates  attaim  iti  wMrr^mnm  cotttcaetioft.  In  point  el  fael^  hffWff^&tt  it  ui 
exfefding^  dtfienlt  to  aseeitain  Uie  exact  degree^  of  feaetzon  o£  a  degi«e,  at  'vrkitib  this 
niazimiiineoiidcaflafiQBisaeGoiDfii^ied.  jkeimrdmg  to>Ciiiditontli«  degree  is  ^^ 
vlabt  tha>  eoperiBMBte  of  Hfldlakroaa  idaee  it  at  d»'i.f 

Moi»  reeetitlf  M.  B«9««a,  liafing  i^M^iad  hiiMtf  t» 
amsied  ai  the  eMMliHnon.t]al  wate^  attains  ita  matiiiMm  dcnaity  al  -V  ^  eeatigtada 
5=^38-2?  Fah.  Bia  tcault»  acea  to  indicate^  mumaier^  that  the  dmww^ard.  flite  rf 
dflatntaoa  »  »«&  ebnaxdendbfo  than  tba  npMid  tate.  Tbe  dilEeteneey  ho^^erety 
nacokdlag  to  tins  plnkMophci^  ia  Terj-  nnnvle,  and.  may  be  pnAaia!f  atttibwtaWe  to 
ei]Wr»o£a|q^Tateaordbienrstio]i.  Tbe  Bsmb  piiikescfber  aim  finds,  tb^  eea  wate, 
and  aEaalinfr  nlntaaaar  have  a  maaamm  e£  denslsf,  andtbatthia  nwsiainai  ol.  denailiy 
•mia  nier&ni^idlj  tluBL  the  f  oioat  ef  (9aiigelalfeti«:t 

** Tbe  anonalMa  ex^anaioftcf  water bjr  eoid,'*  reaunba amodern  pbiliwofber^  "1 
l^Eodnetite'  of  soae  aaoit  in^mrtant  caiae(|aeDeea  in  netdse;  &r  if  water^  blEe! o4^e9r 
kindly  w^t  on  diminulnng  in  bvdky  and  ^KmAne  incaeanng  in  dcnsify^  ti^  it  £ro0e, 
bttge  bodies. of  wafeea,  inatetd  afbeing  anhr  mapoAaaikf  froaen  in  wintet,  wimld 
beeoinefalidnnWNsofior.  LetnatdM-a-freab-water  kkeaianeiaoiple.  Tbeeaith 
bttnftwawietinwitartbantheak^tlieheatia  withdrnwtt  ftan  the  tar/w  «f  tbe 
wUa  by  the  ecM  bKwnea  that  blii\r  WTCT  iiv  and  tha  ▼bdfi  bo^  of  water  baa  ita  te^ 
perature  lowered  to  40°,  which  is  the  point  of  its  greatest  densiiu,  and  a.tei>parataae 
eonganial  to fiab  cndotbar  n^natic  annnsdil  The  eold.  iow  cm^mMiii  t» «fernte>npon 
tbawtufiKe^oCthawatcr;  bnl  instead  a£  dJaafamhin^  ita  balk,  and  lendering  It  heaw^ 
tibntbelpazmerwato^nnderacatl^  it  enfMOida  ami  rendeia  it  &>*<«•,'  »o  that,  ladw 
thens  fawnnwfcmicea^  nabatafc  nf  Jbg-coM  water  (at .  da^>  will  b^  found  lying  ufron  a 
naeaeCwanner water  beneatiiit^nt4(y).  The  infiuenoe  of  the  eeld  conltinningv the 
OKlinweftbelakBwiELscien  &eeae^  bat  the  wnter  iminediateiy  bdow  the  siipeifioal 
eaaliag  of  iea  wiQ:  be  :found  eMBparstivciy  warm;  and  aa  water  ia  almoat  n  nen^ 
conductor  of  heat,  it  will  be  a  long  time  before  the  ice  attaiaa  any  thirteaeaa;  and  tbe 
wlM9k^£H^ofwalar,  ifofaE^deptb^eannefvr.&eaae  tbinni^ieKUl;.  Indeed^  it  wiU  be 
•bnana  thai  tiltn  ivterdatian  of  freeaiiLg  wiUbe  propaitiaaal  to  tbe  depth  of  water  which 
ies  ttt  be  cooled^  and  hence  aosie  yeey  deep  basina  or  lahea  axe  msxaidy  eves  covend 
writkiee.'' 

II.  (kmirtfetian  of  the  ihefnmmt«r,  famcM  tm  the  primeipU  ef  >ec^nsuH^'-ThK 
tiaarxnometer  ia  as.  iastenmezit  of  so  much  impoortanoe,  that  it  nuy  be  expedieiit  to^^  trace 
teiMatory,  and  to  enphdn  tlw  GOutmctiim  of  the  different  kinds  which  aierecjgaiied  in 
dijemioal  researtchea. 

The  iostramcnt  enqthiyed  by  Banctraioy  to  yfkom  the  invention  of  the  tinemioaciehw 
♦  «  Ann.  of  Phfl.,"  new  wriw,  r.  p.  4tl.         +  "  Ann.  de  Chfaou  et  Mrys.,*'  xsvfii.  p.  9». 
»  \iiA  Ori^iMl  Meaogmpb,  lijr  M.  Dnepeeta,  * '  Aan.  de  Cttint^  et  Pby»'»"  *•  1^*» 
\  Profistsor  Bhrsnde. 
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is  generally  ascribed,  was  of  a  yery  simple  kind,  and  measured  yariations  of  tempent- 
ture  by  the  yariable  expansion  of  a  confined  portion  of  air.  To  prepare  tliis  instrument, 
a  glass  tube  is  to  be  proyided,  eighteen  inches  long,  open  at  one  end;  and  blown  into 
a  ball  at  the  other.  On  applying  a  warm  hand  to  the  ball,  the  included  air  expands, 
and  a  portion  is  expelled  through  the  open  end  of  the  tube.  In  this  state  the  aperture 
is  quickly  immersed  in  a  cup  filled  with  any  coloured  liquid,  which  ascends  into  the 
tube  as  the  air  in  the  ball  contracts  by  cooling.  The  instrumiBnt  is  now  prepared. 
An  increase  of  temperature  forces  the  liquor  down  the  tube ;  and,  on  the  contrary,  the 
application  of  cold  causes  its  ascent.  These  effects  may  be  exhibited  alternately  by 
applying  the  hand  to  the  ball,  and  then  blowing  on  it  witii  a  pair  of  bellows.  By  the 
application  of  a  graduated  scale  the  amount  of  the  expansion  may  be  measured.] 

The  ball  of  the  aboye  instrument,  it  must  be  obyious,  cannot  be  conyeniently 
applied  to  measure  the  temperature  of  liquids.  For  adapting  it  to  this  piupose,  a 
slight  yariation  may  be  made  in  its  construction.  To  prepare  this  instrument,  a  small 
spherical  glass  yessel  is  to  be  about  one-sixth  or  one-fourth  filled  with  any  coloured 
liquid.  The  tube,  open  at  both  ends,  is  then  to  be  cemented  into  the  neck,  with  its 
lower  aperture  beneath  the  surfiEice  of  the  fluid.  The  expansion  of  the  included  air 
driyes  the  liquid  up  the  stem,  to  which  we  may  affix  a  graduated  scale,  corresponding 
with  that  of  a  common  mercurial  thermometer.  Other  modifications  haye  also  been 
made  by  different  philosophers.  One  of  the  most  useful  and  simple  consists  merely  of 
a  tube  of  yery  small  bore,  firom  9  to  12  inches  long,  at  one  end  of  which  is  blown  a  ball, 
from  half  an  inch  to  an  inch  in  diameter,  which  is  afterwards  blackened  by  paint,  or  by 
the  smoke  of  a  candle.  A  small  column  of  coloured  liquid,  about  an  inch  in  length, 
is  then  introduced,  by  a  manipulation  similar  to  that  already  described.  To  fit  the 
instrument  for  use,  this  column  ought  to  be  stationary,  about  the  middle  of  the  tube, 
at  the  common  temperature  of  the  atmosphere.  The  cdightest  yariation  of  temperatoie 
occasions  the  moyement  of  the  coloured  liquid ;  and  a  scale  of  equal  parts  measures  the 
amount  of  the  effect. 

An  insuperable  objection,  howeyer,  to  the  air  thermometer,  aa  thtu  eonstruetedy  is, 
that  it  is  affected  not  only  by  changes  of  temperature, 'but  by  yariations  of  atmospherio 
pressure.  Its  utiHty  consists  in  the  great  amount  of  the  expansion  of  air,  which,  by  a 
giyen  eleyation  of  temperature,  is  increased  in  bulk  about  twenty  times  more  than 
mercury.  Hence-  it  is  adapted  to  detect  minute  changes,  which  the  mercurial  thermo- 
meter would  scarcely  discoyer ;  and,  its  expansions  being  uniform  for  equal  additions 
of  heat,  it  is  better  adapted  than  any  liquid  for  becoming,  when  properly  applied,  an 
aocurate  meastire  of  temperature. 

An  ingenious  modification  of  the  air  thermometer  has  been  inyented  by  Mr.  Leslie, 
and  employed  by  him,  with  great  adyantage,  in  his  interesting  researches  respecting 
heat  To  this  instrument  he  has  giyen  the  name  of  the  Differential  Thermometer. 
Its  construction  is  as  follows : — "  Two  glass  tubes  of  unequal  length,  each  terminating 
in  a  hollow  ball,  and  haying  their  bores  somewhat  widened  at  the  other  ends  (a  small 
portion  of  sulphuric  acid,  tinged  with  carmine,  being  introduced  into  the  ball  of  the 
longer  tube),  are  joined  together  by  the  flame  of  a  blowpipe,  and  afterwards  bent 
nearly  into  the  shape  of  the  letter  IT,  the  one  flexure  being  made  just  below  the  joining, 
where  the  small  cayity  facilitates  the  adjustment  of  the  instrument.  This,  by  a  little 
dexterity,  ia  performed  by  forcing,  with  the  heat  of  the  hand,  a  few  minute  globules 
of  air  from  the  one  cayity  into  the  other.  The  balls  are  blown  as  equal  as  the  eye  can 
judge,  and  from  four-tenths  to  seyen-tenths  of  an  inch  in  diameter.   The  tubes  are  such 
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as  are  drawn  for  thermometers,  only  with  wider  bores ;  that  of  the  short  one,  to  which 
the  scale  is  affixed,  must  have  an  exact  calibre  of  a  50th,  or  a  60tb,  of  an  inch.  The 
bore  of  the  long  tube  need  not  be  so  regular,  but  should  be  visibly  larger,  as  the 
coloured  liquid  wiU  thenmoye  quicker  under  any  impression.  Each  leg  of  the  instru- 
ment is  from  three  to  six  inches  in  height,  and  the  balls  arc  from  two  to  four  inches 
apart. 

''  A  moment's  attention  to  the  construction  of  this  instrument  will  satisfy  us  that 
it  is  affected  only  by  the  difference  of  heat  in  the  corresponding  balls ;  and  is  calculated 
to  measure  such  difference  with  peculiar  nicety.  As  long  as  both  baUs  are  of  the 
same  temperature,  whateyer  this  may  be,  the  air  contained  in  both  will  have  the  same 
elasticity,  and,  consequently,  the  interduded  coloured  liquor,  being  pressed  equally  in 
opposite  directions,  must  remain  stationary.  But  if,  for  instance,  the  ball  which  holds 
a  portion  of  the  liquor  be  warmer  than  the  other,  the  superior  elasticity  of  the  confined 
air  wiQ  driye  the  Uquid  forwards,  and  make  it  rise,  in  the  opposite  branch,  above  the 
zero,  to  an  eleyation  proportional  to  the  excess  of  elasticity,  or  of  heat"  The  amount 
of  the  effect  is .  ascertained  by  a  graduated  scale,  the  interval  between  freezing  and 
boiling  being  distinguished  into  100  equal  degrees.  This  instrument,  it  must  be 
obvious,  cannot  be  applied  to  measuife  yariations  in  the  temperature  of  the  surrounding 
atmosphere,  for  the  reason  already  assigned.  It  is  peculiarly  adapted  to  ascertain  the 
difference  of  the  temperatures  of  two  contiguous  spots  in  the  same  atmosphere ;  for 
example,  to  determine  the  heat  in  the  focus  of  a  reflector. 

A  differential  thermometer  has  been  contrived  by  Dr.  Howard,  resembling  that  of 
Mr.  Leslie  in  its  general  form,  but  in  which  the  degree  of  heat  is  measured  by  the 
eji^ansive  force  of  the  yapour  of  ether  or  spirit  of  wine  in  vacuo.  Directions  for  con- 
structing it  are  giyen  in  the  eighth  yolume  of  the  Quarterly  Journal  of  Science,  p.  219. 
It  is  intended  to  be  applied  to  the  same  purposes  as  that  of  Mr.  Leslie,  but  is  said  to 
be  more  sensible  to  changes  of  temperature,  and  the  moyement  of  the  fluid  (ether 
tinged  by  a  drop  of  tincture  of  cochineal)  follows  instantaneously  the  application  of 
the  heating  cause,  whereas  in  the  air  thermometer  some  time  is  required  before  the 
effect  takes  place. 

Thermometers,  filled  with  spirit  of  wine  (a  liquid  which  has  not  been  congealed  by 
any  degree  of  cold  hitherto  produced),  are  best  adapted  to  the  measurement  of  very  low 
temperatures,  at  which  mercury  would  freeze.  The  amoimt  of  the  expansion  of 
alcohol,  also,  which  exceeds  that  of  mercury  above  eight  times,  fits  it  for  ascertaining 
yery  slight  yariations  of  temperature.  But  it  cannot  be  applied  to  measure  high 
degrees  of  heat ;  because  the  conyersion  of  .the  spirit  into  yapour  would  burst  the 
instrument. 

The  fluid  best  adapted  for  filling  thermometers  is  mercury,  which,  though  it 
expands  less  in  amount  than  air,  or  alcohol,  still  undergoes  this  change  to  a  sufficient 
degree ;  and,  in  consequence  of  its  difficult  conyersion  into  yapour,  may  be  applied  to 
the  admeasurement  of  more  elevated  temperatures.  As  a  considerable  saving  of 
expense  will  accrue  to  the  experimentalist  who  is  able  to  construct  mercurial  tiier- 
mometers,  I  shall  offer  some  rules  for  this  purpose.  In  general,  however,  I  should 
deem  it  preferable  merely  to  superintend  their  construction,  when  wanted  for  delicate 
experiments,  and  to  be  jsatisfied,  by  actual  inspection,  that  the  necessary  accuracy  is 
observed ;  because  much  time  must  be  unayoidably  lost  in  acquiring  the  manual  skill 
which  is  eflsential  to  construct  them  neatly. 

Thermometer  tubes  maybe  had  at  the  glass-house,  and  of  most  philosophioal 
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instrameat  makeni.  In  purchafkig^  them,  those  skoold  be  rejected  that  ave  aot  her" 
motically  sealed  at  both  ends ;  because  the  emallest  oondensotioa  of  moistuey  ^whieli 
must  take  plaoe  vhen  air  is  freely  admitted  within  the  tube,  is  injuioos  to  the 
aeenmcy  of  the  instnunent.  A  amali  botde  of  elastic  gum  ahould  be  prorided,  xa^^ihe 
side  of  which  a  brass  valve  is  fixed,  or  a  fdeoe  of  brass  perforated  by  a  small  faok,  to 
be  occasionally  stopped  by  the  finger.  A  blow-pipe  is  also  an  essential  part  of  the 
apparatus ;  and,  in  addition  to  one  of  the  ordinary  kin<^  it  will  be  found  nsefol  to  have 
one  which  is  supplied  with  air  by  a  pair  of  douide  bellows,  worked  by  the  foot. 

Before  prooee^ag  to  the  construction  of  the  thermometer,  it  is  neoessary  to  aaeer- 
tain  that  the  tube  is  of  equal  diameter  in  differ^it  parts.  This  is  done  by  breaking  off 
hoih  of  the  «eaied  ends,  fmmersitag  one  of  them  an  inch  or  two  deep  in  clean  and  dry 
mercury,  and  ihen  closing  the  other  end  with  the  finger.  On  withdrawing  the  tube 
fiom  the  mencury,  a  small  oolmnn  of  that  fluid  remains  in  it,  the  length  of  whieh  is  to 
be  examined,  by  laying  the  tube  horinmtaUy  on  «  graduated  ruler.*  By  indining  tiio 
tnbe,  this  column  may  be  graduidly  moved  through  its  whole  length;  and  if  the  tohe 
be  of  uniform  bore,  it  w^  measure  the  same  in  every  part.  Sueh  a  degree  of  per- 
fection, however,  is  scarody  ever  to  be  observed  Uixougfaont  tabes  of  oonsidentble 
length ;  but,  in  general,  a  poition  of  the  tube  will  be  found  perfect,  of  sufficient  length 
for  a  thermometer,  and  this  port  is  to  be  broken  oS. 

On  one  end  of  the  tube  let  the  nedc  of  the  elastic  bottle  be  firmly  tied ;  and  let  <3ie 
other  end  be  heated  by  the  flame  of  the  blow-pipe,  till  the  glass  softens.  The  softened 
part  must  then  be  pressed,  by  a  clean  piece  of  metal,  into  the  form  of  a  rounded  button ; 
and  to  this  the  flame  c^the  lamp  must  be  steadily  afiplied,  tUl  it  «c(|uires  a  white  heat, 
and  seems  about  to  enter  into  fusion.  To  prevent  its  falling  on  one  side,  the  tube, 
during  this  time,  must  be  constantly  turned  round  by  the  hand.  'When  the  heated 
part  appears  perfectly  soft,  remove  it  quioidy  feom  tho  lamp,  and,  holding  the  tube 
vertically,  with  the  elastic  bottle  uppermost,  prem  this  last  gently  with  the  hand.  The 
glass  will  be  blown  into  a  small  ball,  but  not  into  one  sufficiently  thin  for  the  purpose. 
To  this  the  flame  of  the  lamp  must  again  be  applied,  taming  it  quickly  round ;  and, 
on  a  second  or  third  repetition  of  the  process  of  blowing,  the  ball  will  be  completely 
formed.  The  proportion  of  the  size  of  the  ball  to  the  bore  of  the  tube  can  coly  be 
learned  by  some  experience. 

To  fill  the  ball,  which  has  been  thus  formed,  with  mercury,  the  air  must  first  be 
expelled,  by  holding  it  over  the  flame  of  an  Argand's  lamp,  and  then  quickly  immersing 
the  open  end  of  the  tube  in  very  clean  and  dry  quicksilver.  As  the  ball  cools,  the 
mercury  will  ascend,  and  will  paitiy  fill  it.  Let  a  paper  funnel  be  tied  fiimly  over  the 
open  end  of  the  tube ;  into  this  pour  a  small  portion  of  quicksilver,  and  apply  the  heat 
of  the  lamp  to  the  ball.  Any  remaining  portion  of  air  will  thus  be  expelled ;  and  if 
the  heat  be  raised  so  as  to  boil  the  mercmy,  the  ball  and  stem  will  be  filled  with  mer- 
curial vapour,  the  condensation  of  which,  on  removing  the  ball  from  the  lamp,  will 
occasion  a  pretty  complete  vaeumn.  Into  this  vaeuimi  quiehBilver  will  descend  from 
the  paper  cone ;  and  the  instrumeirt  wifl  be  completely  fiHed.  But,  for  the  purpose  of 
a  thermometer,  it  is  necessary  that  the  mercury  should  rise  only  to  a  certain  height  in 
the  stem ;  and  a  few  drops  may,  therefore,  be  expelled  by  cautiously  applying  the  heat 
of  tiie  lamp.    To  estimate  whether  the  proper  quantity  of  quicksilver  has  been  left  in 

*  If  the  tube  be  of  an  extremely  small  bore,  thesMrtiBTWiS  net  flBter,aBiiBaitkednwnki 
^  t^  actteK  of  tbe  clastic  bottle,  and  aot  by  the  moutti. 
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the  nsfniBiJent,  iaimene  ihe  Ibaii  fint  in  ice-«Qld  water,  and  then  in  the  mouth.  The 
flpace  between  these  two  pointi  will  oonpiiee  aJbcnit  64°,  or  rather  moie  Hum  ^M-thizd 
of  the  whole  gpace  between  l3ie  freezing  and  boiling  poinie  of  water.  If  the  eaapiy 
pait  «f  ihe  tube  exceeds,  la  length,  about  three  timcfl  the  poidon  thus  filled  by  the 
eKpaaded  quieksilyer,  we  may  proceed  (when  an  isiBixumeBt  ia  wanted  with  a  scale 
inohiding  only  froBi  32°  to  212°)  to  seal  it  hermeiieally,  which  is  done  as  follows  :— 
The  part  to  be  sealed  is  first  heated  with  tkm  hk>w-pipe,  and  ^?awn  out  to  a  ftne 
capillary  tube ;  ttie  bulb  is  then  heated,  till  a  lew  particles  of  qiueJcsilYer  have  £Jlen 
from  the  top  of  the  tube  :  st  this  moment  another  bh>w«*pipe  flame  is  directed  on  the 
d^iUary  part  of  ihe  tube,  the  heat  is  withdrawn  from  ike  ball,  and  the  ti^be  is  sealed, 
at  the  instant  when  the  mercury  begins  to  descend.  If  this  opearation  has  been 
cMfiiUy  performed,  «o  as  to  leave  so  air  in  the  tube,  the  whole  of  the  tube  should  be 
filled  with  quicksilrer  on  holding  the  iietromyent  with  &e  ball  uppermost 

To  haTe  Tery  large  degrees,  the  ball  must  bear  a  oocisiderable  proportion  to  the 
tnbe ;  but  this  extent  of  aeale  cannot  be  obtained  without  aamficing,  in  aome  meaanrc^ 
Hm)  sensibility  of  the  instmment.*^  The  whole  of  the  pcooess  of  oonstructing  ther^ 
nometers  neatly  and  aecnraiely  is  connected  witii  the  possession  of  manual  ekili, 
which  practice  oidy  can  confar;  and  it  is  acaarody  poasiUe,  without  the  most  tedious 
miniiteness,  to  describe  tdl  te  necessary  pzncantiona  and  manipulations.  These  will 
readily  au^fgest  themsdves  to  a  person  who  cazitea  the  aboye  infitructions  into  e£Scct 

In  gfmdiuUing  thermometers,  the  first  step  consists  in  taking  the  two  fixed  poinis. 
The  freezing  point  is  ascertained  by  immersing,  in  thawing  '^snow  Ofr  ico,  the  ball  and 
part  of  the  stem ;  so  that  the  mercury,  when  stationary,  shall  barely  appear  above  the 
surface.  At  tiiis  place  let  a  ntaa^  be  made  with  a  file.  In  taking  the  boiling  point, 
ooAsiderable  caution  ia  required ;  and,  for  reasons  which  will  afterwards  be  stated, 
attention  mnst  be  paid  to  the  state  of  the  barometer,  the  height  of  which,  at  the  time, 
should  be  precisely  29'8.  A  tin  yeasel  is  to  be  provided  (for,  according  to  G»y  Lussac,t 
one  of  glass  loads  to  crrQueous  reavlts),  four  (kt  Aye  inches  longer  than  the  thermome- 
tor,  f"^  fnniahed  with  a  cover,  in  whi«h  ai»  two  holes.  Through  one  of  those  the 
thermometer  stem  must  be  passed  (the  bulb  being  within  the  vessel),  so  that  the  part 
at  which  the  boiling  point  is  expected  may  be  just  in  sight.  The  ather  hole  may  be 
1^  open ;  and,  the  4»}ver  being  fixed  in  its  pUce,  the  vessel,  containing  a  few  inchee 
of  watnr  at  the  bottom,  is  to  be  sat  on  the  fire.  The  thermometer  wiH  presently  be 
w^uHty  wurnmadcd  by  the  steam ;  and  when  the  mercury  becomes  stationary  in  the 
Stem,  its  plaee  must  be  marked.  The  scale  of  Fahrenheit  is  formed  by  transferring  the 
faitaRBodiarfea  space  to  paper  by  a  pair  of  compasses,  and  dividing  it  into  180°,  the 
lowest  baisg  called  82",  and  Oie  highest  212''.  The  scale  o{  other  countries,  however, 
differs  eoosideBahly ;  bnt  these  variations  do  not  prevent  the  comparison  of  observations 
WKth  different  iastrnmentfl,  when  the  freezing  imd  boiling  points  of  water  are  agreed 
upon  as  fixed  data. 

UL  Tk0  dOataiiomi  md  gonirmtiom  of  tfit  flM  in  ike  mermrial  tJiermometeit  are 
msmrly.pr9pariimmi  to  ^  ^twHUm  of  fiai^m  wMck  are  eommumoated  to  the  9ame  Jwrno- 
gmmm  iodim^  «r  ttfmrttml  fnm  t^mth  m  hnf  09  iktif  r^km  tka  same  farm. 

Thus  iha  fomtityof  oalaric  ropdned  t9  vaiio  «  body  20°  in  temperature,  by  the 
nemaal  tiienoowtpr^  as  usirV  doshlo  thit  whieh  14  refuized  to  raise  it  10^ 

*  Directions  for  constructing  thermometers  of  great  senslbftfty  are  given  by  tbe 
Landriai^.  ii|  tlia  rik  Volnais  of  the  **  Journal  of  Science,"  p.  183. 
+  82  *\An.  dc  Ch."  17^  and  7  "  An.  de  Ch.  et  de  Phys."  307.         ' 
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Hence  there  appears  to  be  a  pretty  accTirate  proportion  between  the  increments  or 
decrements  of  heat,  and  the  increments  or  decrements  of  expansion  in  the  merciuy  of 
n  thermometer.  On  this  principle,  if  equal  quantities  of  hot  and  cold  water  be  mixed 
together,  and  a  thermometer  be  immersed  in  the  hot  water,  and  also  in  the  cold,  pre- 
yiously  to  the  mixture,  the  instrument  should  point,  after  the  mixture,  to  the  arith- 
metical mean,  or  to  half  the  difference  of  the  separate  heats,  added  to  the  less,  or 
subtracted  from  the  greater.  This  will  be  proved  to  be  actually  the  fact,  by  the 
following  experiment :— Mix  a  pound  of  water  at  172°  with  a  pound  at  32".  Half  the 
excess  of  the  caloric  of  the  hot  water  will  pass  to  the  colder  portion ;  that  is,  the  hot 
water  will  be  cooled  70°,  and  the  cold  will  receive  70°  of  temperature ;  therefore^ 
172  —  70,  or  .32  +  70  =  102,  will  give  the  heat  of  the  mixture.  To  attain  the 
arithmetical  mean  exactly,  several  precautions  must  be  observed,  which  have  been 
pointed  out  in  Dr.  Crawford's  Essay  on  Heat,  p.  95. 

The  experiments  of  De  Luc,  however,  have  shown  that  the  ratio  of  expansion  does 
not  atrietly  keep  pace  with  the  actual  increments  of  temperature ;  and  that  the  amount 
of  the  expansion  increases  with  the  temperature.  Thus  if  a  given  quantity  of  mercury, 
in  being  heated  from  32°  to  122°,  the  £rst  half  of  the  scale,  be  expanded  14  parts,  in 
being  raised  from  122°  to  212°,  the  higher  half,  it  will  be  expanded  16  parts. 

From  the  inquiries  of  Mr.  Balton,  it  appears  to  follow,  that  the  irregularity  of  the 
expansion  of  mercury  is  even  considerably  greater  than  has  been  stated  by  De  Luc. 
By  the  common  mercurial  thermometer  we  cannot  ascertain  the  true  rate  of  expansion 
in  quicksilver,  since  the  enlarged  capacity  of  the  glass  ball,  in  which  the  fluid  is  con- 
tained, must  necessarily  affect  the  result.  If  the  capacity  of  the  ball  remained 
unaltered,  we  should  then  be  able  to  determine  the  actual  rate  of  expansion ;  but  by 
an  increase  of  temperature  its  capacity  is  enlarged,  and  space  is  thus  found,  within  the 
ball,  for  the  expansion  of  that  mercury,  which  would  otherwise  be  driven  into  the 
tube.  By  knowing  the  rate  of  expansion  in  glass  itself,  we  can  correct  this  error ; 
but  a  small  mistake  in  this  datum  will  lead  us  considerably  wrong  as  to  the  true 
expansion  of  quicksilver.  The  real  expansion  of  mercury  in  glass  is  greater  than  the 
apparent^  by  the  expansion  of  the  glass  itself. 

Making  due  correction  for  this  circumstance,  Mr.  Dalton  was  led  to  conclude, 
from  his  experiments,  that,  notwithstanding  the  apparent  diversities  of  expansion  in 
different  fluids,  they  all  actually  expand  according  to  the  same  law— t?w.,  that  the 
quantity  of  expansion  is  as  'the  square  of  the  temperature  from  their  reactive  freezing 
points,  or  from  their  points  of  greatest  density.  If  then  a  thermometer  were  constructed, 
with  degrees  corresponding  to  this  law,  they  would  be  found  to  differ  very  considerably 
from  those  of  the  common  mercurial  thermometer,  in  which  the  space  between  freezing 
and  boiling  is  divided  into  180  equal  parts.  But  the  accuracy  of  the  principle,  on 
which  this  proposed  modiflcation  of  the  thermometric  scale  is  foimded,  has  not  been 
confirmed  by  subsequent  experience.  , 

The  view  which  has  been  taken  by  Mr.  Dalton  of  the  thermometer  has  drawn  the 
attention  of  Dr.  TJre,*  and  of  MM.  Petit  and  Dulong,t  to  the  same  subject.  The 
former  concludes,  from  his  experiments,  that  taking  three  thermometric  intervals  from 
32°  Fah.  upwards,  each  of  180°,  mercury  has  actually  an  increasing  rate  of  expansion, 
and  that  60  parts  at  672°  are  expanded  as  much  by  the  same  power  of  caloric,  as  61 
parts  at  392°,  and  62  parts  at  212°. 

•  "Phil.  Trans."  1818.  + «« Amxals of  Philbs.,"  VoL  XIH. 
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But  this  nnaU  difference  is  QompeiUMitod  by  the  leflsening  quantity  of  qnicksilTer  in 
the  bulh  of  a  thezmometer  at  high  temp^raturea,  in  consequence  of  which  the  mer- 
cniial  thennometer  becomes  a  true  measurer  of  sensible  heat  Petit  and  Bulong, 
alsO)  tfatiiAed  th^EnselTes  thftt  the  expansibility  of  mercury  slowly  increases  as  the 
temperature  augments.  From  —  40*"  to  212°,  it  is  scarcely  appreciable^  and  conespondi 
with  the  expansion  of  air,  which  they  take  for  granted  to  be  perfectly  equable.  The 
following  table  eidiibits  the  dilation  of  mercury  for  a  degree  centigrade  at  the  various 
temperatures  (all  centigrade*}  indicated  in  the  first  column  of  the  table,  and  measured 
by  an  air  thermometer  i-^    ... 


Temperature* 

•  100  . 
200  . 
300      . 


Expansioii  of 
Mercury. 


Temp,  indicated 

by  tUe  diUteUons 

of  the  mercury 

supposed  xmiform^ 

000 


0  . 

WsTT  .  .  .  .  100-00 

tAt  .  .  .  .  204-61 

tAtt  .  .  •  .  314-16 


Comparing  the  numbers  in  the  first  and  last  columns,  it  appears  that  np  to  IWP 
the  mercurial  and  air  thermometers  give  the  same  indications ;  in  the  second  interyal, 
the  excess  of  the  former  over  the  latter  is  4*61%  and  in  the  last  interval  it  increases 
to  14*15  centigrade  degrees. 

.  More  lately  the  endeavour  to  reconcile  the  discrepancy  of  indications  between  air 
thennometers  and  mercurial  ones  has  been  resumed  by  M^  Begnault,  the  abstract  of 
whose  observations  on  this  point  are  as  follows^  This  philosopher  has  arrived  at  the 
condttsion  that  the  indications  of  the  air  thennometer  almost  exactly  accord  with  those 
of  the  mercurial  thermometer,  between  0"*  and  lOO""  (centigrade),  which  pretty  nearly 
accords  with  the  deductions  of  preceding  observers.  It  is  worthy  of  remark,  however, 
that  in  M.  Begnault's  observations,  the  air  thermometer  manifests  a  retardation  as 
compared  with  the  mercurial  thermometer,  of  about  0'2ths  of  a  centigrade  degree 
towards  the  middle  of  the  scale,  a  drcumstanoe  which  seems  to  indicate  that  even  for 
this  range  there  is  a  difference  between  the  expansive  progre8si<m;  the  difference^ 
however,  is  so  small,  that  he  believes  it  need  not  enter  into  calculation,  more  espe- 
cially  as  it  fiills  within  the  limits  of  uncertainty,  dependenTon  alteration  of  the  zero 
point  in  thermometers,  on  account  of  slow  contraction  of  their  bulbs. 

Above  100  degrees  centigrade,  the  mercurial  thermometer  keeps  pace  with  the  air 
thermometer  pretty  equally  uj^il  about  250°  C,  from  which  point  upwards  the  mer- 
curial gains  on  the  air  thenn<nKeter.  At  800"*  G.  Jthe  difference  amounts  to  1  degree ; 
at  325*"  G.  it  amounts  to  V,76 ;  and  at  350''  C.  the  diffJaorence  is  3  degrees  between  the 
indications  of  the  two  varieties  of  thermometers.  According  to  M.  Begnault,  twd  air 
thermometers  are  always  comparable,  without  reference  to  the  kind  of  glass  of  which 
they  may  be  made.  This  is  not  the  case  with  mercurial  thermometers,  which,  to  be 
comparable,  must  be  made  of  the  same  kind  of  glass ;  the  difiisrent  rate  of  expansioi! 
between  diierent  varieties  of  which  would  otherwise  introduce  an  element  of  great' 
practical  discordance.  A  tendency  to  the  same  kind  of  error  also  exists  when  air  tfaer^ 
mometers  are  the  subject  of  experiment;  but  in  this  case  the  rate  of  expansion  of  air 

*  To  oonyert  centigrade'  degrees  into  those  of  Fah.,  double  them,  then  deduct  one^enth,  and 
add  the  constant  number  82.  Thus  IS"  centigrade  X  2  =  86,  from  which  ^^  subtracted  leaves  32-4^ 
and  to  this  adding  82  we  have  64*4  Fah. 
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m  gmft^  emecds  tiutt  «f  |^lii^  of  whtt^er^vitfty, «  to  dWnldi  I^m  ftmltiiig  «rror 
to  m  ittippnciable  octest,  as  may  be  floea  hf  ztfeRDSe  to  tko  fo&owing  tsU^  wMcli 
ifarav  fii«t  iha  inorease  of  leiii;^  |iix)portio9Bt^ 

to2l2^Fd^iff(lr  ihefoilowiBg  substonoei,  aa  iadietftod  by  the  aooompttnyiiig  tobtei 
Md  Aft  ffdiifl  iaonatoy  ite«e  tiliMB  as  uuah  >--^ 


FHntglaas 

.      tA»<»«'^<>W>2* 
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Copper 

T*T 

:Br»8s 

.       Tir 

^ftiroa 

.           .       -^  . 
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.           .           .7*7 

Oolil 

^ 

^m      . 

.    -            .           Th 

I4«d 

.            .            .        irir 

SCin          . 

-^^T- 

STow  tiiemaon  ctcbio  espansion  for  all  gases  between  32*  and  212°  Fah.  Mre  baYB  already 
amepUd  «8  being  *3665  of  iheir  bulk  at  32^ ;  hence  &e  niHo  of  eacpaanye  -rarinftion  of 
air  to  flint  glass,  between  ik»  degrees  indicated,  is  as  *365$  to  0*009022,  -wliicb  is  alto- 
gether  unimportant. 

These  remaiks  will  suffice  to  show  that  sliihoiigb  tbermometets  of  Tarions  Idnds, — 
seme  df  air,  some  of  mereury,  some  of  aloohol,^ — ftre  nsed  in  the  eonxse  of  inTestigatibn, 
y«t  an  aocorate  means  of  passing  from  the  range  of  otoe  kind  to  the  range  of  another 
idnd  is  still  a  desideratam ;  and  the  exact  rendering  of  thermal  degrees  indicated  by 
one  kind  of  thermometer  into  those  ot  an43ther  kind,  is  A  matter  of  impossibility  in  the 
pvewat  state  of  our  Imowledge.  At  one  time  eontinental  philosophers  aimed  at  the 
«cnpldyment  of  air  thermometors  ezclosiyely,  wheneyer  practicable,  Stimulated  by  the 
hope  of  thereby  developing  new  laws  of  thermal  expasision.  For  many  years  the 
position  was  admitted,  as  I  hare  already  stated,  that  dl  gases  expanded  equsUy  for 
eqiial  degrees  of  temperatare.  This  law  created  the  supposition  that  the  dilatation  of 
^;;ases  was  proportional  to  real  quantities  of  heat.  At  this  time,  howeyer,  -when  it  is 
known  that  the  coefficient  of  dilatation  is  n<ft  equal  for  aU  gases, — that  it  eyen  varies 
for  the  same  gas  under  difierent  pre8sm«s,-^the  air  thermometer  has  lost  all  theoretical 
adyajitages  which  were  conceded  to  it  in  consequence  of  the  acceptance  of  those  laws. 
At  present,  the  only  theoretical  advantage  possessed  by^t  oyer  other  thermometors  is, 
that  any  two  instruments  of  this  description  are  always  comparable. 

The  boiling  point  of  mercury,  according  to  MM.  Petit  and  Dulong,  is  680**  Fah., 
OTy  making  the  due  correction  for  the  expansion  of  glass,  662^  of  Fah.  scale.  The 
ffzpepmental  result  of  Mr.  Crighton,  of  Glasgow,  was  6^*". 

ftcalM  of  TfafiiaioBMtiic  GxadiiaAion. — Although  all  modem  thermometers 
si?e  graduated  between  two  fixed  points  of  temperature— namely,  the  freezing  of  water 
and  the  boiiiog  of  water,  under  a  mean  atmospheric  pressure  of  80**  Bar.— neyertheless, 
the  number  of  degrees  into  which  this  space  is  divided  varies.  Three  principal  schemes 
of  graduation  present  themselves,  all  of  which  must  be  examined,  and  a  role  devised 
for  effecting  their  mutual  conversion. 

Hie  three  scales  are  (1)  of  Fahrenheit,  (2)  of  Celsius,  usually  termed  the  Centi- 
grade scale,  (3)  the  scale  of  Eeaumur. 
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The  MOompaiiTing  di«SMRb  will  aarfst  1heiK»adar  In  ^m^relMadiaig  tite  aiteraM 
ezisli&g  btftfreen  ^e  tiiree. 

f^ton  «a  iaipeetiMi  t>f  i3us  aiagnon,  it  wiU  1m  6lNMirv«l  <&st  indipanioii^  of 

1 


Water  bolls . 


Iw  flctor  freezes    •  •  •  •  •  - 

Cold  prodoeed  by  mix- ) 
tare «f  ice  and  salt.  . ) 


heitw^m  fpoexing  to  boiling 
-^  pokt  whick  wHl  Ve  ^tii- 
JOi'  -'■  111^'  <siu86d  piesently— the  scale  of 
Fa^irenheit  manifests  the  pe- 
culiarity of  denominatmg  the 
freezfbg  pOiAt  of  W«tor  if  d2<* ; 
whereas  the  scale  of  Ooftligrado 
L^^f  ML  HL^      *^^  ^^  Bcftumur  represent  the 

same  as  0,  or  zero.  The  reason 
why  the  seemingly  irrational 
number  32"*  should  have  been 
adopted  by  Fahrenheit  as  indi- 
cative of  the  freezing  point  of  water,  does  not  appear.  Suffice  it  to  remark,  that  the 
number  was  adopted  by  him  in  deference  to  some  theoretical  speculation. 

The  further  dii£^rence  existing  between  the  three  systems  of  graduation  is  as 
follows : — ^the  Fahrenheit  scale  establishes  180  divisions  between  the  freezing  and  the 
boiling  point  of  water  ;  the  scale  of  Celsius  (centigrade)  100 ;  and  the  scale  of  Reau- 
mur only  80*.  Inasmuch  as  die  freezing  point  in  Fahrenheit's  scale  is  32*^,  and  there 
are  180*^  between  32"*  and  the  boiling  point  of  water,  it  follows  that  the  latter  must  be 
212°,  or  32*  +  180".  The  boiling  point,  however,  according  to  the  Centigrade  scale,  is 
necessarily  100°,  and  of  Reaumur  necessarily  80°.  These  data  being  considered,  we  can 
readily  convert  ihe  degrees  of  one  thermometer  into  their  equivalent  degrees  of  a  second. 
Hius,  from  the  following  proportion,  it  will  be  observed  that  a  Fahrenheit  degree  is  five- 
ninths  of  a  Centigrade  degree ;  seeing  that  the  number  of  Fahrenheit  degrees  between 
the  freezing  to  the  boiling  point,  is  to  the  number  of  Centigrade  degrees  for  the  same  epace, 
ae  unity  is  to  Jlve-^nths,        Thus, 

F.  C,      F.         C. 

(212  —  32)  rrr  180  :  100  : :  1  :  |Jg  =  { 

Therefore,  to  convert  Fahrenheit  degrees  into  their  equivalents  on  the  Centigrade 
scale,  first  subtract  32°,  which  leaves  180°,  then  multiply  this  number  by  five  and  divide 
by  nine.    Thus  we  have 

180X5. 


212  -  32  =  ■ 


=  -g-  =  100. 


Oonrersely  each  Centigrade  degree  is  larg»  than  the  corresponding  Fahrenheit 

9 
degree,  in  the  ratio  of  v  to  1 ;  hence  to  reduce  Centigrade  degrees  to  those  of  Fahren- 
heit, multiply  by  nine,  divide  by  ^yQ}  and  add  thiry-two.    For  instance,  it  is  required 


to  reduce  100°  C.  to  their  Fahi-enheit  equivalent.      Here 


100  X  9 


=  180  +  Z2  z=z 


212°  F. ;  and  212°  F.,  the  boiling  point  of  water,  we  know  to  be  the  equivalent  of  100°  C. 

When  it  is  required  to  convert  negative  degrees,  or  degrees  below  zero  (thus  —  1° 

—  2°,  &:c.),  into  their  corresponding  degrees  on  another  scale,  precisely  the  same  rule  of  ■ 

calculation  holds  good ;  altiiough,  when  stated  in  common  tenns,  it  seems  different. 
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An  example  will  lender  this  plain.  It  is  desired  to  represent  6°  below  xero,  or  ^  &* 
of  C,  by  its  equiyalent  F.  32%  with  9"  subtracted,  or  remainder  +  23*"  is  the  number. 
If  the  operation  be  viewed  algebraically,  the  reader  will  see  that  the  rule  of  multi" 
tilying  by  nine,  dividing  by  five,  and  adding  thirty-two,  has  been  implicitly  followed ; 
only  the  6^  hi&se  being  a  n»gative  quantity  (  —  5*^,  it  ultimately  yields  a  negative  9° 
^  —  9''),  which  added  to  +  32".  is  equivalent  to  subtracting  a  positive  9%    Thus, 

The  appended  formulse  will  perhaps  serve  to  fix  the  steps  of  ^these  calculations  in 

the  memory^  _ 

F  —  32  V  6 
Fahrenbat  to  Centigrade,    '  *"  ^ =  C   . 

Centigrade  to  Fahrenbeit,  -^-^  +  32  =  F* 

y  __  32  X  4 

Fahrenbeit  to  Eeaumur,    — ^ =  R. 

Reaumur  to  Fahrenbeit,     ?l|^^+32  =  F. 

The  steps  involved  in  the  two  last  fonnul®  have  not  been  explained,  because  it  is 
assumed  they  are  self-evident,  ^  expressing  the'ratio  -A^,  or  the  ratio  of  degrees  Reau- 
mur to  degrees  Fahrenheit 

KoUon  of  Tf%  Caloiic—l.  Its  Radiation.  2.  Its  Passage  through  Solids  and 
Fluids. 

Calorie  Eteapeefrom  Bodies  in  7\ff0  Different  ir<Mfe«.— Part  of  it  finds  its  way  through 
space,  independently  of  other  matter,  and  with  immeasurable  velocity.  In  this  state 
it  has  been  called  radiant  heat,  or  radiant  caloric 

Radiant  caloric  exhibits  several  interesting  properties. 

1.  Its  Reflection,  {a)  Those  surfaces  that  reflect  light  most  perfectly,  are  not  equally 
adapted  to  the  reflection  of  caloric  Thus,  a  glass  mirror,  which  reflects  light  with 
great  effect  when  held  before  a  blazing  fire,  scarcely  retiuns  any  heat,  and  the  mirror 
itself  becomes  warm.  On  the  contrary,  a  polished  plate  of  tin,  or  a  silver  spoon,  when 
similarly  placed,  reflects,  to  the  band,  a  very  sensible  degree  of  warmth ;  and  the  metal 
itself  remains  cooL  Metals,  therefore,  are  much  better  reflectors  of  caloric  than  glass ; 
and  they  possess  this  property  in  a  bigber  degree,  in  proportion  to  the  peifection  with 
which  they  are  polished. 

{b).  Caloric  is  reflected  according  to  the  same  law  that  regulates  the  reflection  of 
light.  This  is  proved  by  an  interesting  experiment  of  M.  Pictet ;  the  means  of 
repeating  which  may  be  attained  at  a  moderate  expense.  Provide  two  reflec- 
tors of  planished  tia,  which  may  be  twelve  inches  in  diameter,  and  segments  of  a 
sphere  of  nine  inches  radius.  Parabolic  mirrors  are  still  better  adapted  to  the  purpose ; 
but  they  are  more  expensive.  Each  of  these  must  be  furnished,  on  its  convex  side, 
with  the  means  of  supporting  it  in  a  perpendicular  position  on  a  proper  stand.  Place 
the  mirrors  opposite  to  each  other  on  a  table,  at  a  distance  of  firom  six  to  twelve  feet. 
Or  they  may  be  placed  in  a  horizontal  position,  as  represented  in  the  wood-cut  at  page 
100,  an  arrangement  in  some  respects  more  convenient.  In  the  focus  of  one,  let  the 
ball  of  an  air  thermometer,  or  (which  is  stUl  better)  one  of  the  baUs  of  a  differential 
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thermometer,  be  situated ;  and  in  that  of  the  other,  suspend  a  ball  of  iron,  about  four 
ounces  in  weight,  and  heated  below  ignition,  or  a  small  matrass  of  hot  water; 
haying  previously  interposed  a  screen  before  the  thermometer.  Immediately  on  with- 
drawing the  sci^een,  the  depression  of  the  column  of  liquid,  in  the  air  thermometer, 
evinces  an  increase  of  temperature  in  the  instrument.  In  this  experiment  the  caloric 
flows  first  from  the  heated  ball  to  the  nearest  reflector ;  from  this  it  is  transmitted^  in 
parallel  rays,  to  the  surface  of  the  second  reflector,  by  which  it  is  collected  into  a  focus 
on  the  instrument.  This  is  precisely  the  course  that  is  followed  by  radiant  light ;  for, 
if  the  flame  of  a  taper  be  substituted  for  the  iron  ball,  the  image  of  the  candle  will 
appear  precisely  on  that  spot  (a  sheet  of  paper  being  presented  for  its  reception)  where 
the  rays  of  caloric  were  before  concentrated. 

(«).'  When  a  glass  yessel,  filled  with  ice  or  snow,  is  substituted  for  the  heated  ball, 
the  course  of  the  coloured  liquid  in  the  thermometer  will  be  precisely  in  the  opposite 
direction;  for  its  ascent  will  show,  that  the  air  in  the  ball  is  cooled  by  this  arnmge- 
Inent.  This  experiment,  which  appears,  at  first  view,  to  indicate  the  reflection  of  cold, 
presents,  in  &ct,  only  the  reflection  of  heat  in  an  c^posite  direction ;  the  ball  of  the 
thermometer  being,  in  this  instance,  the  hotter  body.  '*  And  since  heat  emanates  from 
bodies  in  quantities  greater  as  their  temperature  is  higher,  the  introduction  of  a  cold  body 
into  the  focus  of  one  mirror,  necessarily  diminishes  the  temperature  of  a  thermometer 
in  the  focus  of  the  other,  in  the  same  manner  as  a  black  body  placed  in  the  fbous  of  the 
one  would  diminish  the  quantity  of  light  in  the  fbcus  of  the  other."* 

(d).  In  Mr.  Leslie's  '*  Enquiry  into  the  Nature,  &c.,  of  Heat,"  a  variety  of  impor- 
tant experiments  are  detailed,  which  show  the  influence  of  coyering  the  reflectors  with 
yarious  substances,  or  of  medianically  ohanging  the  nature  of  their  surfaces,  on  their 
power  of  reflecting  caloric. 

2.  Caloric  is  refracted^  also,  according  to  the  same  law  that  regulates  th^  refrac- 
tion of  light.  TboA  interesting  discovery  we  owe  to  Dr.  Herschel,  whose  experi- 
ments and  apparatus  will  be  found  in  tiie  seventh  volume  of  the  *' Philosophical 
Magazine." 

3.  The  nature  of  the  turfaee  of  bodies  has  an  important  influence'over  their]  power 
of  rmdiaUng  caloric. 

To  exhibit  this  influence  experimentally,  let  a  canister  of  planished  block  tin,  forming 
ft  cube  of  six  or  eight  inches,  be  provided,  having  an  orifiee  at  the  middle  of  its  upper 
side,  from  half  an  inch  to  an  inch  in  diameter,  and  the  same  in  height.  This  oriflce  is 
intended  to  receive  a  cap  having  a  small  hole,  through  which  a  thermometer  is  inserted, 
so  that  its  bulb  may  reach  the  centre  of  the  canister.  Let  one  side  of  the  canister  be 
covered  with  black  paint;  destroy  the  polish  of  another  side,  by  scratching  it  with 
smd-paper ;  tarnish  a  third  with  quicksilver ;  and  leave  the  fourth  bright  Then  fill 
the  vessel  with  boiling  water.  The  radiation  of  caloric  from  the  blackened  side  is  so 
much  move  abundant  than  from  the  others,  as  even  to  be  sensible  to  the  hand.  Place 
it  before  a  reflector  in  lieu  of  the  heated  iron  baU  already  described.  The  ther"* 
mometear,  in  the  focus  of  the  sec<md  reflector,  will  indicate  the  highest  temperature, 
or  most  copious  radiation  of  caloric,  when  the  blackened  side  is  presented  to  the  reflec- 
tor ;  leas,  when  the  tarnished  or  scratdied  side  is  turned  towards  it ;  and  least  of  all, 
*  when  the  polished  side* 

Mr,  Leslie  showed,  also,  the  influence  of  the  inclination  of  a  surfiice,  with  respect 
to  a  given  direction  of  calorific  rays,  upcm  the  intensity  of  the  effect  piroduced ;  and 
•  «*  Dayy's  Chem.  Fhilot ./*  p.  906. 
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first  pioTedy  expearimen tally,  that  the  aetiea  d  a  radiaal  suilMie  is  proportioBal  taths 
sine  of  the  angle  fionned  hy  that  stHfaqe  with  the  dixectioii  of  the  ensUtod  zajnk 

4.  The  Tarifities  in  the  fadiating  power  of  cUffefeot  smfwes  an  aitendedy  as  mig^ 
he  eopeoted,  with  oorreapondiBg  Tanatieci»  in  the  rmU  »f  etolinf^  If  water  is  a  tin 
▼etael,  all  of  whose  sides  are  polished^  eoob  through  a  giTen  number  of  degxeea  m 
soghty-oBA  miautes^  it  will  descend  through  the  same  number  ia  seYenty-two  minfnteis 
if  thesurfiice  be  taniished  witii  ^Tueksiher.  Water»  also,  iadosed  iaa  dean  and 
polished  tin  baB,  cools  ahooi  twice  more  slowlj  than  water  in  the  aams  baitt  coreicd 
with  cited  paper.  HaokeBing  the  siuiftee  with  paint,  or  even,  a  thin  coat  of  Tsnish, 
en  the  same  principle,  aocelerates  greatly  the  rate  of  cooling.  These  ^ts  teadi  ns, 
that  vessels,  in  which  fluids  are  to  be  kept  long  hot,  should  have  ihrnx  av&ces  bfi|^btly 
polished;  ^  best  reflectors  of  heat  being  the  worst  radiators.  The  superiQiity  of 
metailio  tea-pots^  iat  instance,  OTcr  those  of  earthenware,  d^ends  on  the  so^nor 
polish  of  their  sw&ce ;  and  thei  manufactarers  of  earthanware  now  iniareaae  its  power 
of  retaining  heat  by  a  thin  film  of  8(«e  hind  of  polished  mi^aL 

du  Badianl  heat  has  the  power  of  penetrating  and  passing  throng^  tnuaspaieat 
bodies,  such  as  plates  of  g^ass.  The  dull  heat  of  a  conuacm  fire  is  transmitted^  aeeovd* 
ingto  Maiiotte^  with  difficulfy^andthehfiat^romamaixass  of  boiling  water  net  at  aiL 
Be  lisaroehe  has  shown  that  the  loss  of  heat,  transmitted  thsongh  gLass  piate^  is  less, 
as  the  tempeatuxe  of  the  source  &ovk  which  it  emanates  is  more  eleyated.  From  abedy 
heated  to  182%  only  ^  ef  aU  the  heat  emitted  passed  tlumigh  a  g^btss  screen ;  ftom  one 
at  346%'  ^  of  thoi whole;  and  from  one  at  960%  a  much  laiger  propertkm,.  ms.  ^, 
iq^ared  ta  pass  l^uEeugh  Uie  screes.  The  s»nie  philosopher  ascertained  that  W  heat 
which  has  peastsati^thtough  a  plate^  of  glass,  ^peii^aeee,  in  its  passage  throi^  a 
second  plate,  a  loss  proportionally  much  smaller  in  amount.  He  found,*  alsoy  that  a 
thick  glass  sexeen,  though  mere  p^meable  by  li|^t  than  a  thin  one  of  inHoior  quality, 
allowed  much  lesa  radiant  heat  to  pass,  and  that  the  diffnenee  beoame  smaller  as  ths 
tempeatnce  was  raised.  In  all  these  esses,  it  is  supposed  that  the  aeiaens  an  plaacd 
at  equal  distances  from  the  radiating  body ;  for  otherwise  the  effect  wiU  be  grcatfy 
modifled  bj^  that  w^  estaiblished  law  of  radiant  heat,  aeeovdang  to  which  its  intensity 
diminishes  in  proportion,  to  the  square  of  the  distance  from  its  source.  These  ihetSL 
some  of  which  had  been  eaHed  in  qnestimtyhKlie  beenftd^  oeDfirmed  by  Ifr.  Sitchie.* 

6.  BacKant  eataric  is  mbmrhed  witkdiftirent  fteBities  by  different  sm&ees.  This 
is  only  statng,  iaather  termsy  that  sncfiu^es  sse  endowed  wi&^vbbous  powsss  e#  rcfleet* 
ingeakuio ;  sinca  the  power  of  ahsosbing  cakntm  ia  precisely  opposite  to  Uuit  of 
rcOsetiagit  Heaca  the  best  reflectora  ol  heat  will  absorh  1^  kast.  Itmaybepseper, 
howeTer,  to  o£far  some  iQustrations  of  tlae  pnncipk  under  tiiis  §xm^ 

(a)..  Expose  the.  buldb  of  a.  sensible  thermemeter  to  the  direct  mys  of  the  sun»  te  a 
hat  summer's  dayii  wiE  probably  oas^  in  this  climate^  to  108*^  GoTsr  it  with  Indian 
ink,  and  again  cocpose  it  in  a  similar  msnner.  During  the  eTaporatioB  of  the  moisture 
it  will  &1I ;  bnt,  aa  soon  as  tiia  coating  becomes  dry,  it  wiQ  ascend  to  118%  or  upwards, 
of  Fahrenheit^  or  lO"*  higher  thsn  when  uncoirered  with  the  pigmentf  This  casnot  be 
explained  by  suppodoig  that  the  black  coating  is  gifted  with  the  power  of  retaining 
osloric,  and  prerentmg  its  escape ;  because,  from  experiments  shready  sclated^  ^  appears 
that  a  similar  coating  accelerates  the  cooling  of  a  body  to  which  it  is  i^pSed. 

{h)i  CcAour  has  considerable  influence  oTcr  the  absorption  of  calorie.  This  is  shown 
by  the  following  very  simple  experiment  of  Dr.  Franklin. 

•  "  Brow8ter»§  Joarna!,"  Ke..  xiy.  p.  350.  +  ••  MTatson's  EasayB,**  v.  198. 
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copper  and  tin,  which  are  nearly  equal;  and,  below  these)  platina,  iron,  ateel,  and 
lead,  which  are  greatly  inferior  to  the  rest. 
,  Despretz  has  recently  given  the  following  table  :^* 

TABLE  OP  THE  COMPABATTTE  CONDUCTING  TOWERS   OP  THE  PRINCIPAL   METALS, 
AND  OP  SOME  EABTHT  BODIES. 

€rold  (greatest  conducting  power)  ....  1000,0 

Silver 973,0 

Platinum 981,0 

Copper  .  . 898,2 

Iron      . 374,3 

Zinc 363,0 

Tin 303,9 

Lead 179,0 

Marble 23,6 

Porcelain      .        .        .        .        .        .        .        .      12,2 

Barth  of  Bricks  and  Furnaces       .       ,        .        .11,4 

The  conducting  powers  of  bodies  have  been  investigated  by  M.  Fourier,t  with  the 
aid  of  an  instrument  contrived  by  him  for  the  purpose,  to  which  he  has  given  the  name 
of  Thermometer  of  Contact.  In  its  simplest  form,  it  consists  of  a  conical  vessel  of  very 
thin  sheet  iron,  filled  with  mercury,  closed  at  its  circular  base  with  very  thin. parch- 
ment. A  thermometer,  whose  bulb  is  plunged  into  the  mercury,  indicates,  at  each 
instant,  the  temperature  of  the  liquid  mass.  By  means  of  the  flexible  bottom  of  the 
c€ine,  exact  contact  is. made  with  a  support  placed  under  it,  and  kept  at  a  given  tem- 
perature, such  as  that  of  an  apartment.  When  the  conducting  power  of  any  sUbstanee 
is  to  be  tried,  a  small  circular  disc,  of  the  same  sixe  as  the  l&se  of  the  cone,  out  out  of 
the  substance  to  be  tried,  may  be  interposed  between  the  flexible  bottom  aad  the 
9upport.  The  mercury  is  first  heated  to  a  giv^  temperature  (generally  to  176''  Fab.), 
loid  the  rates  of  cooling,  during  equal  intervals,  are  oarefully  noted  down*  If  we 
replace  the  disc  by  another  of  a  different  material,  and  again  observe  the  descent  of 
the  thermometer  in  equal  times,  the  rate  of  cooling  will  be  found  to  differ  materially, 
however  thin  the  plate  which  lias  been  inteiposed ;  lor  instance,  a  piece  of  the  finest 
pap^  wiU  occasion  a  sensible  difference.  Varying  the  material  of  the  intecpoied 
plates  produces  very  striking  varieties  in  the  ratio  of  cooling^  and  establishes  a  great 
difference  of  conducting  power  between  calico,  linen,  flannel,  and  woollen  doth.  The 
circumstance  on  which  the  efficacy  of  the  instrument  seems  to  depend,  is  the  close 
contact  effected  by  means  of  the  flexible  bottom ;  and  the  results  are  obtained  with  the 
greatest  ease,  either  by  employing  thin  plates,  or  by  placing  the  instrument  containing 
the  heated  mercuiy  on  a  mass  of  any  substance  whose  conducting  power  it  is  desired 
to  know*  In  equal  intervals  of  time,  for  examj^le,  not  exceeding  five  minutes,  the 
mercury  cools  with  very  different  velocities,  by  placing  it  first  on  iron,  then  on«and* 
stone,  then  on  bricks,  and  lastiy  on  wood.  The  effect,  it  is  acknowledged  by  M. 
Fourier,  is  a  complicated  one,  and  requires  attention  to  some  other  dronmstanoes, 
especially  to  the  specific  heat  of  the  body  under  trial,  for  which  due  correction  mmt 
b^  made»    In  another  instrument,  which  he  also  describes  under  the  name  of  Ther* 

^  <*  Ana.  de  Chim,  et  de  PbyB."  xxxTi.  432. 

4  <' Ann.  de Chim.  et de Phys." ir.  128;  vi. 2^0;  xx^ 89$  (alto  "Pogy.*'  IL  S5a) ;  xxfiU. SS7« 
"Ann.  de  Chim.  et  de  Phys."  xxzvii.  291 ;  "  Alwtr.  Pofg.»*  xUL  827. 
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t  of  Omtaetf  tbe  speclfio  heats  of  bodies  do  not  share  in  the  effects ;  but  this 
instniment,  being  of  a  more  complicated  construction,  cannot  be  understood  without 
Terence  to  the  plate.*  By  the  first  instrument,  however,  a  great  variety  of  curious 
fiusts  have  been  ascertained,  which  could  not  have  been  anticipated  d  priori,  M. 
Fourier  finds,  for  instance,  that  when  several  discs  of  different  conducting  substances 
axe  placed  under  the  cone,  the  order  in  which  they  are  ananged  causes  a  material 
difference  in  the  conducting  powers  of  the  aggregates. 

It  is  chiefly  owing  to  the  different  conducting  powers  of  bodies  that  they  afifoct  us, 
when  we  touch  them,  with  different  sensations  of  heat  or  cold.  Thus,  if  we  apply  the 
hand  in  succession  to  a  number  of  bodies  (as  a  piece  of  wood,  another  of  marble,  &c.), 
they  appear  cold  in  v^  different  degrees.  And  as  this  sensation  is  occasioned  by  the 
passage  of  caloric  out  of  the  hand  into  the  body  which  it  touches,  that  body  will  feel 
the  coldest  which  carries  away  heat  the  most  quickly ;  or  which,  in  other  words,  is 
the  best  conductor.  For  the  same  reason,  of  two  bodies  which  are  heated  to  the  same 
degriM,  and  both  considerably  above  the  temperature  of  the  hand,  the  best  conductor  is 
the  hottest  to  the  touch.  Thus  the  money  in  our  pockets  often  feels  hotter  than  the 
clothes  which  contain  it. 

Amongst  the  inost  recant  experiments  on  the  conduction  of  heat  by  solids  are  those 
of  M.  Seaannont.t  His  researches  were  prosecuted,  for  the  most  part,  on  crystalline 
bodies,  the  definite  moleeular  condition  of  which  seemed  to  promise  the  discovery  of 
some  law.  His  method  consisted  in  heating  a  plate  of  the  crystal  to  be  examined  in 
the  direction  of  its  crystalline  axis,  and  trace  the  progress  of  heat-conduction  by 
observing  the  melting  of  wax,  with  which  the  sides  of  the  crystalline  plate  had  been 
previoualy  covered.  The  liidlowing  are  two  general  deductions  to  which  the  philo* 
aopher  has  arrived :— > 

Istly.  In  crystals  of  the  rhombohedral  system,  and  media  constituted  like  them,  the 
conducting  power  varies  in  such  a  manner  that,  supposing  a  centre  of  heat  to  exist 
^thin  them,  and  the  medium  to  be  indefinitely  extended  in  all  directkms,  the 
isothermal  surfaces  are  concentric  ellipsoids  of  revolution  round  the  axis  of  symmetry^ 
or  at  least  surfaces  differing  but  Uttle  therefirom. 

2aid]y«  That  in  crystals  having  two  optic  axes,  and  media  constitated  like  them,  if  a 
oentre  of  heat  be  assumed  to  exist  within,  and  the  crystal  to  be  indefinitdy  extmded 
in  all  direotums,  the  iMthermal  surfaces  will  be  ellipsoids,  with  three  unequal  axes,  or 
oiirve  soilHees,  diflfering  but  little  therefrom. 

M.  Senarmont  did  not  extond  his  experiments  to  crystalline  bodies  of  the  tessular 
system,  because  of  the  difficulty  of  obtaining  specimens  suitable  to  his  wants, 
laaamnch^  however,  as  the  forces  which  determine  the  shaping  these  crystals  appear 
to  be  equal  in  all  directions—a  circumstance  not  only  inferxed  from  goniometric 
measiiraiient,  but  by  the  discovery  of  Mitscherlioh,  that  tessular  crystals  expand 
equally  by  heat  in  all  directionS'-4here  is  great  probability  that  the  isothermal  surfSaces 
of  smoh  crystals  are  spherical. 

3.  liquid  and  aeriform  bodies  convey  heat  on  a  different  principle  from  that 
obeenred  in  solids,  «».,  by  an  actual  change  in  the  sitttati<m  of  their  particles.  That 
portion  of  the  flud  which  is  nearest  to  the  source  of  heat,  is  expanded,  and  becoming 
specifically  lighter,  ascends,  and  is  replaced  by  a  colder  p(»:tion  from  above.  This,  in 
its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a  second  colder  portion ;  and 
thus  the  piooess  goes  on,  as  long  as  the  fluid  is  capable  of  imbibing  heat. 

*  flee  *«Ami.  de  Ohim.  et  de Phys."  zxxvli.  191.  f  «<N.  Ann.  Chim.  FhTS."  xxi.  457. 
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13S  CONDUGTINO  POWBK  OJf  WATER, 

(«}.  Take  a  glass  tubc^  eight  or  ten,  inohesi  iGag,  aad  about  an  inek  in  diaoietv* 
Poor  inta  tlie  bottom  part,  £»  about  the  depth  of  an  inch,  a  little  water  tinged  witih 
litmus,  tEDd  then  fill  up  the  tube  with  eoia^non  water,  pouring  on  the  latter  extxeraely 
gently,  so  as  to  keep  the  two  strata  quite  distinct.  If  the  upper  part  oi  the  tube  be 
first  heated,  the  coloured  liquor  willremain  at  the  bottom ;  but  if  the  tube  be  after- 
wazda  Ideated  at  tho  bottom^  the  infusion  will  ascend,  and  wUl  tinge  the  whole  mass  of 
fluid. 

{b).  Into  a  cylindrical  glass  jar,  four  inches  diameter,  and  12  or  14  deep,  let  a 
circular  piece  of  ice^be  fitted  3|  inches  thick,  and  of  rather  leas  diameter  thaathe  jar. 
Or  water  may  be  poured  into  the  jar  to  the  depth  of  3|  inches,  and  allowed  to  congeal 
by  exposure  to  a  freezing  atmosphere,,  or  by  surrounding  it  with  a  mixture  of  snow 
and  salt  The  ice  is  to  be  secured  in  its  place  by  two  slips  of  woody  crossing  each 
other  like  two  diameters  of  a  cirde,^^  set  at  right  angles  to  each  other.  Pour,  over  the 
cake  of  ice,  water  of.  ZT  tenqterature,  to  the  depth  of  two  inches ;  and  on  its  suzface 
let  there  float  a  shallow  circular  wooden  box,  perforated  with  holes.  From  the  cock 
of  a  tea-urn,  filled  with  boiling  water,  and  raised  so  that  its  spout  may  be  above  tha 
top  of  the  jar,  suspend  a  number  of  moistened  threads,  the  lower  ends  of  which  mnst 
rest  on  the  saibtee  of  the  box.  By  this  arrangement,  when  the  code  is  tamed,  the  hot 
wttfer  wiU  trickle  down  the  threachi^  an4  will  have  its  Mi  eenstderably  broken*  It  will 
then  s|»ead  over  the  surface  ai  the  boa^  and  pass  I2u»u^  the  perforated  holes  to  the 
eold  water  beneath,  orer  whach  it  wiU  float  without  iliizing  with  it.  Let  the  jar  be 
thus  eompktdy  fiUed  with  hot  water.  The  ice  will  remaia  unmelted  lor  wrend  houm 
at  tile  bottom,  ef  the  messd. 

(e).  Fill  a  similar  jar  with  hot  water ;  and,  haTing  provided  a  cake  of  ice,  ef  equal 
size  with  the  former  one,  let  it  be  placed  on  the  surface  of  the  water.  In  abent  thxea 
minutes  the  whole  w^  be  Btelted.  Bo4h  th^se  e^pcdriments  ate  nioi»  striking  if  the 
water,  used  for  forming  the  cakes  of  ioe^  be  previously  coloured  with  litmus ;  fee,  in 
the  latter  experiment,  the  descending^  ewteMta  of  oold  water  are  thns  made  airikiiigj^ 
apparent. 

{d).  These  experiments  may  be  vazied,  by  freezaftg^  in  the  bottaas  of  a  ti^  one 
inch  wide,  a  portion  oi  water,  aflwat  two^  indiea  in  depth.  Then  fill  the  taie  with 
water  of  the  Gommon  temperBtmre,  aad  heid  it  iaelined  over  an  Argaad'a  haip,  so  thai 
the  upper  portioa  only  of  Hie  tube  may  be  haated.  When  thns  disposed,  tha  water 
may  be  made  to  boil  violently  at  the  surface,,  and  yet  the  ice  wiO  not  be  m^d.  Batt 
if  tihe  experiment  be  reversed,  and  (theiee  floating  on  tile  sarfiiee)  heat  be  applied  to 
the  bottoni  of  the  ttdie^  the  iee  will  be  liquefied  in  a  few  seeonda. 

(tf>  Substituting  water  of  the  temperature  of  41"  for  the  boSing^  water  used  in 
experiment  (<t).  Count  Bumford  found,  that,  in  a  given  tuse,  a  nmdi  gieafaer  qnantity  ef 
ioe  was  melted  by  the.  cooler  water.  This  appears,,  am  fiat  view,,  rather  paradaaleah 
The  fitet^  however,  is  explained  by  a  reisarka^  property  ^  watcc,  om.,  tiiat  when 
cooled  below  40"  it  ceases  to  contract,  and  experiences,  on  the  eontrary,  an  e^argen^nt 
of  bulk.  Watto,  therefore,  at  40°  (at  the  bottom  of  which  is  a  masa  of  iee  at  32^.),  is 
eooled  by  contact  with  the  iee^  and  is  expanded  at  the  same  Tnoment.  It  thegmfote 
ascends,  and  is  replaced  by  a  heavier  aaid  wasmer  pection  from  abote. 

It  is  in  consequence  of  the  same  property  that  the  surfSEisaef  a  deep  IA»  is  mmt- 
times  riieeted  over  with  iee^  even  when  tSu  water  bdAw  is  enAy  eooled  to  40^ ;  for  the 
superficial  water  is  ^peeffioally  Uglier  than  the  warmer  water  beneiMih  it,-  and  retsiM 
its  place^  till  it  is  changed  into  ieev    This  proper^  of  water  is  one  of  the  most  remark- 
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able  exeq>tiont  to  tibe  law^  that  W>djea  are  expanded  by-  aa  imreaaei  and  centiaeted  by 
a  dinxmutaony  of  tempeEstare. 

From  these  facts,  Coimt  BnnfoEd  coneliided,.  tliat  -watev  is  a  perfi^t  nbn^ 
ecmductor  of  caloric,  and  Hiat  it  propagates  calorie  in  one  ditectian  onlx,  9»., 
npwarda,  in  consequence  of  the  motioaks  whieh  it  oecaaioiQa  among  the  partieiea  of 
the  fluid. 

The  Count  infened  alao,  that  if  these  motions  could  be  soqpended,  calorie  ironld 
cease  to  pass  through  vater;  and,  with  the  Tie«r  of  decidhig-this  qnestion,  he  made  the 
following  experiments,  which  admit  of  being  easily  repeated.*  A  cylindrical  tin 
resatH  mnst  pranously  be  prodded,  twi»  inches  in  diameter,  and  2^  inches  deep^  having 
a  moYtMe  cover,  peifonrted  with  a  small  aperture,  tot  transmitting  the  stem  of  a 
theimoneler,  whi^  ia  to  be  inserted  so  that  ita  bnlb  may  occupy  llie  centre  of  the 
Teasel. 

(/).  Fill  this  yessel  with  water  of  the  temperature  of  the  atmosphere ;  let  the  wra 
be  put  xn  its  place ;  and  let  the  whole  apparatus;  exee^  the  scale  of  the  tiiennometer, 
be  iunneraed  in  water,  which  is  to  be  kept  boiling  over  a  kmpw  Observe  how  long  a 
time  is  required  ta  raise  the  water  &om  ite  temperatare  at  the  outset  to  180^,  tasA 
remove-  it  from  ita  situation.  I7ote,  t^  how  long  H  takes  to  return  to  its  fonu^ 
temperature. 

(^).  Bepeat  the  experiment,  having  previoiisly  £s8(dved  in  the  water  200  grains  of 
common:  sfan^.  The  ^ermometer  wiU  now  requnre  about  half  as  long  again  to  tarvn 
at  the  same  temperature.  A  similar  retardation,  and  to  a  gre$tier  amount^  is  prodneed 
by  the  mixture  of  liir,  eider-down,  eotton-wool,  and  various  other  subatances,  which 
are  not  chemically  soluble  in  water,  and  which  can  diminish  its  conducting  power  in 
no  other  wtiy  than  by  obstmctmg  tiie  motion  of  ita  purtides.  The  same  substances 
retard  the  propagatktt  of  heat  through  air  also,  by  ^!eventing  the  movement  ef  ita 
particles  among  ea<^  other.  In  genoralVthe  lighter  the  non-eondttctor,  as  to  we%Itt, 
the  better  does  it  act  as  an  env^pe  to  retain  heal,  and  hence  the  bett^  is  it  adapted 
to  the  purposfr  of  winter  clothing*  Air  thus  eei^ned  in  saaalL  e^s,  appears  to  be  a 
very  alow  conductor  of  cftk>rie. 

The  ukftrenee,  however,  respeetin|^  ib»  complete  non-eoi^ueting  power  of  water, 
haa  been  set  aside  by  the  subsequent  inquiries  ci  Dr.  Thomsen*f^  and  the  late  Dr.  John 
Murray,}  of  Edinburgh,  especially  by  a  most  deeiBive  experiment  of  the  latter.  To 
establish  the  conducting^  power  of  water,  it  was  justly  deemed  indispensable,  &at 
caloric  should  be  proved  to  be  propagated  through  that  fluid  downwards*  This,  en 
actual  trud,  it  appeared  to  be ;  but  it  was  objected,  that  the  sides  of  the  containing 
vessel  might  be  the  conductor.  To  obviate  this  objection,  ]>p.  Murray  oentrived  to 
eongeid  water  into  the  form  of  a  jar,  capable  of  holding  liquids.  This  was  separately 
filled  wi&  linseed  oil  and  with  mercury.  At  a  prcqter  Stance  below  the  surface,  the 
bulb  of  a  thermometer  was  i^aced;  and  on.  the  surftce  of  the  liquid  rested  a  flat  iron 
vessel,  containing  boiling  water.  Under  these  circumstances,  the  thermometer  inva- 
riably rose ;  and  thou^  it  ascended  oidy  a  very  lew  degrees,  yet  it  must  be  reeoUected, 
that  the  cpoliiig  power  of  the  sides  of  the  vessel  would  effectually  prevent  any 
considerable  elevation  of  temperature.  This  experiment,  in  conjunction  with 
others,  decisively  proves  that  water  is  a  conductor,  though  a  slow  or  imperfect  one, 
of  caloric. 

»  See  his  ♦*  Se-renlll  Bw»y  on  ^ext,"  Svo,  J7W. 

f  Ni«holBon*s**Fhfl.  Joani.,"veiav.p.daft.  $  nM^«8i.l.»pp.  165aBd241. 
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140  CALOBIG  THE  CAUSE  OF  LIQUIDITY. 

Calorie  the  Gause  of  Zdquidity.— Almost  every  solid  is  capable  of  passing  to 
the  fluid  state  on  the  application  of  a  sufficient  degree  of  heat,  which  is  not  the  same 
for  all  solids,  but  differs  for  each.  In  many  solids  the  transition  to  the  liquid  form  is 
sudden,  while  others  pass  through  various  stages  of  liquidity  before  they  become  com- 
pletely fluid.  The  metals  and  ice  are  examples  of  the  first,  and  wax  or  tallow  of  the 
second,  kind  of  liquefaction.  In  the  former,  it  is  more  easy  to  determine  what  has 
been  called  the  fimng  or  mtUing  pointy  which  is  constant  in  the  same  solid. 

All  fluids,  with  the  exception  of  chloride  of  azote,  protochloride  of  carbon,  sulphuret 
of  carbon,  and  alcohol,  are  capable  of  being  solidified  by  reducing  their  temperature. 
When  the  natural  form  of  a  body  is  that  of  a  liquid,  and  it  only  occasionally  assumes 
the  solid  form,  we  call  the  temperature  at  which  it  is  solidified,  or  at  which,  when 
solid,  it  begins  to  melt,  the/r^estn^  or  congeaUng  p<nnt :  and  this  is  also  constant  in  the 
same  Hquid,  but  different  in  various  liquids,  as  will  more  clearly  appear  from  the  fol- 
lowing examples. 

I.  The  temperature  of  nteUin0  enow,  or  of  thawing  iee,  ii  uniformly  the  eame  at  aU 
timee,  a,ni  t#»  aU  pkieee, — ^This  may  be  ascertained  by  tiie  thermometer,  which  will 
always,  when  immersed  in  Kqu^ing  ice  or  snow,  point  to  32°  Fah.,  whatsoever  may 
be  the  height  of  the  barometer,  or  the  elevation,  above  the  sea,  of  the  place  wbere  the 
experiment  is  made.* 

II.  Ti^  eeneidle  heat  or  temperature  ofieejof  32°  JFah.,  ie  not  elionged  hg  lique/aetion, — 
A  thermometer  in  pounded  ice  stands  at  32%  and  at  the  very  same  point  in  the  water 
which  results  from  the  liquefaction  of  ice :  care  being,  of  course,  taken  to  observe  the 
temperature  of  the  water,  at  the  moment  when  the  last  portioQ  of  ice  iai^  been 
liquefied. 

,111,  Tet  ice,  during  i^  liquefaction,  must  absorb  much  caloric, — ^Expose  a  poun4  of 
water  at  32°,  and  a  pound  of  ice  at  32°,  in  a  room,  the  temperature  of  which  la  seyeral 
degrees  above  the  freezing  point,  and  unifomly  the  same  during  the  experiment.  The 
water  will  arrive  at  the  temperature  of  the  room  several  hours  before  the  ice  is 
melted ;  and  the  ice,  when  first  melted,  will  exhibit,  as  before  its  liquefaction^  the 
temperature  of  32°.  Tet  the  ice,  during  the  whole  of  this  time,  must  have  been, 
imbibing  caloric,  because  a  cold»  body  can  never  be  in  contact  with  a  warmer  one 
without  receiving  caloric  from  it.  The  caloric,  therefore,  which  has  entered  the 
ice,  but  is  not  to  be  found  in  it  by  the  thermometer,  is  said  to  have  become  latent.  As 
it  is  the  cause  of  the  lique&ction  of  the  ice,  it  is  sometimes  called  etflorio  ofjlnidiiy,  or 
constituent  caloric, 

lY.  The  quantity  of  caloric  that  enters  into  a  pound  of  ice,  and  becomes  latent,  during 
liquefaction,  may  be  learned  by  experiment,— To  a  pound  of  water,  at  172°,  add  a  pound 
of  ice  at  32°,  The  temperature  will  not  be  the  arithmetical  mean  (102°},  but  much 
below  it— t;t2.,  32°.  All  the  excess  of  caloric  in  the  hot  water  has  therefore  diuppeared. 
From  172°  take  32° ;  the  remainder,  140°,  shows  the  quantity  of  caloric  that  enters 
into  a  pound  of  ice  during  liquefaction ;  that  ia^  as  much  caloric  is  absorbed  by  a  pound 
of  ice,  during  its  conversion  into  water,  as  would  raise  a  pound  of  water  j&om  32"* 
to  172°. 

It  is  from  the  property  of  its  uniformly  absorbing  the  same  quantity  of  caloric  for 
conversion  into  water,  that  ice  was  applied,  by  Lavoisier  and  Laplace,  to  the  admea- 
surement of  the  heat  evolved  in  certain  operations.  Let  us  suppose  the  body  (from 
which  the  caloric,  evolved  either  by  simple  cooling  or  combustion,  is  to  be  measured) 
*  Shaeklnirgh,  "  Fhilowptaieal  TranMctions/*  Izix. 
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to  1)0  inclos^  in  a  hollow  sphere  of  ice^  with  an  opening  at  the  bottom*  When  thus 
placed,  the  heat  which  is  given  out  will  be  aU  employed  in  melting  the  ice ;  and  will 
produce  lique&ction  in  direct  proportion  to  the  quantity  of  heat  evolved.  Hence  the 
quantity  of  ice  which  is  converted  into  water  will  be  a  measure  of  the  caloric  tiiat  is 
separated  from  the  body  submitted  to  experiment.  In  this  way^  Lavoisier  ascertained 
that  equal  weights  of  different  combustible  bodies  melt,  by  burning,  very  different 
weights  of  ice.  The  apparatus  which  he  employed  for  this  purpose  he  has  called  the 
calorimeter.  Its  construction  can  scarcely  be  understood  without  the  plate,  which 
accompanies  the  description  in  his  "  Elements  of  Chemistry ;"  and  I  consider  it 
unnecessary  to  copy  it  into  this  work,  because  the  instrument  is  liable  to  sevend 
causes  of  fallacy,  which  render  it  quite  inadequate  to  the  accurate  measurement 
of  heat 

V»  The  heat  rendered  latent  hy  the  fusian  of  Mri&ue  hodUe'U  not  a  eonttmt  guaniityy 
but  variomfor  each  individual  body, — This  is  shown  by  the  following  results  of  the 
experiments  of  the  two  Drs.  Irvine :— 


Caloric  of 

Do.  reduced  to  the 

fluidity. 

sp.  beat  of  water. 

Sulphur   . 

.     143-68*' 

Fah. 

.     27-14 

Spermaceti 

.     146 

Lead 

.     162 

» 

.        .      6-6 

Bees-wax 

.    176 

Zinc 

.     493 

» 

.     48-3 

Tin 

.     600 

, 

.     33- 

Bismuth  • 

.    650 

, 

.        .     23-26 

All  the  bodies  enumerated  in  the  table  require,  it  may  be  observed,  more  caloric 
to  bring  them  into  a  fluid  state  than  is  necessary  to  convert  ice  into  water,  for  which 
140"  are  sufficient. 

VI.  Other  examples  of  the  absorption  of  calorie,  during  the  liguefaetion  of  bodies,  are 
furnished  by  the  mixture  of  snow  and  nitric  acid,  or  of  snow  and  common  salt,  both  of 
which,  in  common  language,  produce  intense  cold. 

1.  Dilnte  a  portion  of  nitric  acid  with  an  equal  weight  of  water ;  and  when  the 
mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh-fallen  snow.  On  immersing  the 
thermometer  in  the  mixture,  a  very  considerable  reduction  of  temperature  will  be 
observed.  This  is  owing  to  Ihe  absorption  and  intimate  fixation  of  the  free  caloric  of 
the  mixtnre  by  the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen  snow  at  32%  and  of  common 
salt,  cooled,  by  exposure  to  a  freezing  atmosphere,  down  to  32".  The  two  solid  bodies, 
on  admixture,  will  rapidly  liquefy,  and  the  thermometer  will  sink  32",  or  to  0 ;  or, 
according  to  Sir  C.  Blagden,  to  4"  lower.*  To  understand  this  experiment,  it  must  be 
recollected  that  the  snow  and  salt,  though  at  the  freezing  temperature  of  water,  have 
each  a  considerable  portion  of  uncombined  caloric.  Now  salt  has  a  strong  affinity  for 
water ;  but  the  union  cannot  take  place  while  the  water  continues  solid.  In  order, 
therefore,  to  act  on  the  salt,  the  snow  absorbs  aU  the  tree  caloric  required  for  its  lique- 
faction ;  and,  during  this  change,  the  free  caloric,  both  of  the  snow  and  of  the  salt, 
amounting  to  32",  becomes  latent,  and  is  concealed  in  the  solution.    This  solution 

•  <*  Philosophical  Transactions,"  Ixsviii.  281. 
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raxutinsma  liquid  state  at  0,  or  4*  below  0  of  Fih. ;  tmt.  If  a  greater  degree  of  cold  be 
applied  to  it,  the  sett  aeperatei  m  a  ooncrete  form. 

3.  Mott  neatral  eaHs,  also,  duzing  eoltftum  i&  water,  abeerb  mueh-oalorio ;  and  ihb 
eold  thin  generated  is  oo  intense  as  to  fieeve  water,  aad  eren  to  congeal  meroiny. 
Tbe  IbiDier  ezperimenty  howoTer  («b.,  ^e  eongdation  of  watei),  may  oasOy  be 
repeated  on  a  smnmei^s  day.  Add  to  82  4raelims  of  water  11  draehms  of  mnriate  of 
—"*"""«*,  10  of  nitrate  of  potasea,  and  16  of  sdL^tuite  of  soda,  all  finely  powdered.  The 
salts  may  be  dissolred  separately  in  tbe  order  set  down.  A  thermometer,  put  into  tiie 
•elation,  will  show  that  the  eoM  produced  is  at  or  below  freezing ;  aad  a  little 
water,  in  a  thin  glass  tube,  being  inxmersed  in  the  eolation,  will  be  frozen  in  a  few 
adimtes. 

.  4.  Crystallized  hydrochlorate  of  lime,  when  mixed  with  snow,  produces  a  most  intense 
degree  <^  cold.  This  property  was  djsooTered  some  years  ago,  by  M.  Lorits,  of  St. 
Petemborg,  and  has  since  been  applied,  in  this  comitiy,  to  the  congelation  of  mercury 
on  a  very  extensiye  scale.  The  proportions  which  answer  best  are  about  ^qual  weights 
of  the  salt,  finely  powdered,  and  of  fresh-fallen  and  light  snow.  On  mixing  these  toge- 
ther, and  immersing  a  thennometer  in  the  mixture,  the  mercury  sinks  with  great 
rapidity. 

For  measuring  exactly  'the  cold  produced,  a  spirit  thermometer,  graduated  to 
SO""  below  0  of  Fah.,  or  still  lower,  should  be  employed.  A  few  pounds  of  the]  salt 
are  sufficient  to  congeal  a  large  mass  of  mercury.  By  means  of  13  pounds  of  the 
hydrochlorate,  and  an  equal  weight  of  snow,  Messrs.  Pepys  and  Allen  troze  56  pounds  of 
quicksilver  into  a  solid  mass.  The  mixture  of  the  whole  quantity  of  salt  and  snow, 
however,  was  not  made  at  once,  but  part  was  expended  in  cooling  the  materials 
themselves. 

On  a  small  scale,  it  may  be  sufficient  to  employ  two  or  three  pounds  of  the  salt. 
Let  a  few  ounces  of  mercury,  in  a  very  thin  glass  retort,  be  immersed,  first  in 
a  mixture  of  one  pound  of  each,  and,  when  this  has  ceased  to  act,  let  another 
similar  mixture  be  pr^ared.  The  second  wiU  never  fail  to  congeal  tiie  quickaUyer. 
The  salt  thus  expended  may  be  again  evaporated,  and  crystalliaed  for  future  experi- 
ments. 

YII.  On  the  contrary ,  liquids,  in  becoming  solid,  evolve  or  give  out  calorie,  or,  in  common 
language,  produce  heat, 

1,  Water,  if  covered  with  a  thin  stratum  of  oil,  and  kept  perfectly  free  from  agita^ 
tion,  may  be  cooled  down  more  than  twenty  degrees  below  32" ;  but,  on  shaking  it,  or 
dropping  into  it  a  small  fragment  of  ice,  it  immediately  congeals,  and  the  temperature 
rises  to  32^* 

2.  Expose  to  the  atmosphere,  when  at  a  temperature  below  freezing  (for  example, 
at  25°  of  Fahrenheit),  two  equal  quantities  of  water,  in  one  only  of  which  about  a 
fourth  of  its  weight  of  common  salt  has  been  dissolved.  The  saline  solution  will 
be  gradually  cooled,  without  freezing,  to  4°.  The  pure  water  will  progressively 
descend  to  32°,  and  will  there  remain  stationary  a  considerable  time  before  it  oongeals. 
Yet,  while  thus  stationary,  it  cannot  be  doubted  that  the  pure  water  is  yielding  caloric 
to  the  atmosphere  equally  with  the  saline  solution ;  for  it  is  impossible  that  a  warmer 
body  can  be  surrounded  by  a  cooler  one  without  imparting  caloric  to  the  latter.  The 
reason  of  this  equable  temperature  is  well  explained  by  Dr.  Crawford.    Water,  he 

*  Blft^en,  "PhilowpluealTraiiBactionB,*'  1788. 
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dbaores,  dnxi&g  fireexiiig,  ii  Mled  upoa  bjr  two  opposite  poiron :  it  k  '4fl|»iT64  of 
Miotic  bj  expoiure  to  a  mediui  vlioae  tempentsre  is  beloir  32^ ;  tad  it  is  supplied 
with  caloric  ij  tke  eTolafiai  of  tbat  principle  from  ttwlf,  m.,  of  tlist  podion  whidi 
ooBsdtnted  its  fLvoMtf,  As  these  powers  are  exacdy  equal,  the  temperature  of  the 
water  mast  remaiB  tinoliaiiged  tiH  the  caloric  of  ilmditj  is  all  erolred. 

5.  The  erolutioii  of  calorie,  during  the  congidation  of  water,  is  weil  iHiistrated  hy 
tiie  fcSlowiiig  experiment  of  Dr.  Crawford :— -Into  a  nniBd  tin  Tessel  pat  a  pound  of 
powdered  ice ;  somnnd  tins  hy  a  mixture  of  snow  and  salt  in  alarger  vessel ;  and  stir 
6ie  ice  in  the  inner  one  tiH  its  temperature  is  rednced  to  -f  4*  of  Fidirenheit  !Fo  tiie 
ice  flras  cooled,  add  a  pound  of  water  at  32*.  One  fifth  of  tills  will  be  frozen ;  and  the 
tempezature  of  the  ice  will  rise  from  4**  to  32*.  In  this  instance  the  caloric,  erolTed 
bj  the  congelation  of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of  a  pouted 
oficeiS*. 

4.  If  we  dlssolre  sulphate  of  soda  in  water,  in  the  proportion  of  one  part  to  fire, 
and  surround  the  solution  by  a  freezing  mixture,  it  cools  gradually  down  to  81*.  The 
salt  at  this  point  begins  to  be  deposited,  and  stops  the  cooling  entirely.  This  erolution 
of  caloric,  during  tiie  separation  of  a  salt,  is  exactiy  the  rererse  of  what  happens 
during  its  solution.* 

6.  To  a  saturated  solution  of  sulphate  of  potassa  in  water,  or  of  any  salt  that  is 
insoluble  in  alcohol,  add  an  equal  measure  of  alcohol.  The  alcohd,  attracting  the 
water  more  strcngly  than  the  salt,  precipitates  the  salt,  and  considerable  heat  is 
produced. 

Caloric  tlie  Cause  of  Tapotur.— I.'J^rfry  fiquidy  when  of  the  same  degree  of 
ehemieal  purity ^  and  under  equal  eireuautaneee  of  atmospheric  pressure,  has  one  peculiar 
point  of  temperature  at  which  it  invariably  boils. — ^Thus  pure  water  always  boils  at.212'^, 
alcohol  of  sp.  gr.  0*813  at  173*,  and  etiier  at  96*"  Fah. ;  and,  when  once  brought  to  the 
Ixnling  point,  no  liquid  can  be  made  hotter,  howerer  long  the  application  of  heat  be 
continued. 

The  boiling  point  of  water  may  be  readily  ascertained  by  immersing  a  ther- 
mometer in  water  boiling,  in  a  metallic  yessel,  oyer  the  fire.  As  there  is  some  danger 
in  applying  heat  directiy  to  a  vessel  containing  either  ether  or  alcohol,  the  ebullition 
of  these  fluids  may  best  be  shown  by  immersing  the  vessel  containing  them  in  water, 
the  temperature  of  which  may  be  gradually  raised.  The  appearance  of  boiling  is  owing 
to  the  foimation  of  vapour  at  the  bottom  of  tiie  vessel,  and  its  escape  through  the  heated 
fluid  above  it.  That  the  steam  which  escapes  is  actually  formed  at  the  bottom,  and 
not  at  the  top  of  the  water,  may  be  seen  by  boiling  some  water  in  a  Florence  flask,  or 
other  transparent  vessel,  over  an  Argand's  lamp.  The  bubbles  of  vapour  will  evidentiy 
ascend  from  tiie  bottom  of  the  vessel. 

*A  few  exceptions  to  the  fixity  of  the  boiling  point  of  liquids,  arising  chiefly  from 
tiie  material  of  which  the  containing  vessel  is  made,  have  been  stated  by  Gay  Lusaac.f 
Under  a  mean  pressure,  the  boiling  point  of  water  in  a  metallic  vessel  is  generally  212° ; 
in  a  glass  vessel  it  rises  as  high  as  216**,  but  may  be  stated,  on  an  average,  at  214°. 
Even  in  the  same  glass  vessel  the  boiling  point  is  found  to  vary  considerably.  This 
appears  to  be  owing  to  some  irregularity  in  tiie  formation  of  steam,  which  may  be 
observed- to  burst  fortii  occasionally  in  large  bubbles,  tiie  escape  of  which  is  immediately 
followed  by  a  fall  of  the  thermometer.  If  iron  or  copper  filings,  platinum  wire,  or  even 
•  Blagden,  **Fhil08ophieal  TranBactions,**  IxzTiil.  290. 
I  f  "  Ann.  de  Chim,  et  de  Phys."  vii.  307,  or  "  Joorn.  of  Science,"  r.  861 . 
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poimded  glass,  be  thrown  into  the  glass  vessel  of  water  thus  heated,  steam  is  instantly 
formed  in  great  abundance,  and  the  boiling  point  is  immediately  lowered  two  or  three 
degrees.  By  putting  coils  of  wire  into  liquids,  heated  in  glass  vessels  with  a  view 
to  their  distillation,  they  are  made  to  boil  quietly,  and  some  degrees  lower  than  they 
would  otherwise  do.  It  is,  of  course^  necessary  to  use  a  metal  which  is  not  acted  upon 
by  the  particular  fluid  under  distillation— platinum,  for  instance,  when  we  operate  on 
sulphuric  add.  A  similar  change  of  the  boiling  point,  by  the  presence  of  extraneous, 
substances,  has  been  found  by  Dr.  Bostock  to  take  place  in  ether  and  alcohol.  Ether, 
heated  in  a  glass  vessel,  had  its  boiling  point  lowered  nearly  60°  by  introducing  a  few 
chips  from  a  cedar  pencil,  and  alcohol  of  s.  g.  *849  had  its  boiling  point  reduced  by  the 
same  means,  betw^n  3G''  and  40°.  The  boiling  point  of  water,  heated  in  a  glasa 
vessel,  was  brought  down  4°  or  6"  by  th^  same  method.* 

II.  Steam  has  exactly  the  same  temperature  as  boiling  water. — ^Let  a  tin  vessel  be 
provided,  having  two  holes  in  its  cover,  one  of  which  is  just  large  enough  to  admit  the 
stem  of  a  thermometer.  Fill  it  partly  with  water,  and  let  the  bulb  of  the  thermometer 
be  an  inch  or  two  above  the  surface  of  the  water,  leaving  the  other  aperture  open  for 
the  escape  of  vapour.  When  the  water  boils,  the  thermometer,  surrounded  by  steam, 
will  rise  to  212°,  which  is  precisely  the  temperature  of  the  water  beneath ;  yet  water, 
placed  on  a  fire,  continues  to  receive  heat  very  abundantly,  even  when  boiling  hot ; 
and  as  this  heat  is  not  appreciable  by  the  thermometer,  it  must  exist  in  the  steam  in  a 
latent  state.  With  saline  solutions,  the  temperature  of  the  steam  arising  from  them 
is  the  same  as  that  of  the  boiling  solution  itself,  f  The  boiling  points  of  a  considerable 
number  of  saturated  solutions  are  exhibited  in  the  form  of  a  Table  in  the  "  Quarterly 
Journal  of  Science/*  xviii.  89. 

III.  Perfectly  formed  steam  is  completely  invisible. — 
We  may  satisfy  ourselves  of  this  by  boiling  strongly 
a  small  quantity  of  water  in  a  flask ;  for  perfect  trans- 
parency will  exist  in  the  upper  part  of  the  vesseL  It 
is  only  when  it  begins  to  be  condensed  that  steam 
becomes  visible.  We  have  a  proof,  also,  of  the  same 
fact  in  the  thick  fogs,  which  are  produced  by  a  sudden 
transition  from  warm  to  cold  weather;  the  vapour, 
which  was  imperceptible  at  the  high  temperature,  being 
condensed  and  rendered  visible  by  the  lower. 

The  perfect  transparency  of  steam,  and  also  two 
other  important  properties  on  which  depends  its  use  as 
a  moving  power,  viz.,  its.  elasticity  and  its  condensibility 
by  a  reduced  temperature,  are  beautifully  shown  by  a 
little  apparatus  contrived  by  Dr.  Wollaston,  of  which 
a  sketch  is  annexed.    It  consists  of  a  glass  tube  about 
six  inches  long  and  three-fourth  inch  bore,  as  cylin- 
drical as  possible,  and  blown  out  a  little  at  the  lower 
end.    It  has  a  wooden  handle,  to  which  is  attached  a 
brass  clip  embracing  the  tube ;  and  within  is  a  piston, 
which,  as  well  as  its  rod,  is   perforated,  as   shown   by  the  dotted  lines.      This 
canal  may  be  occasionally  opened    or  closed    by  a  screw  at   the  ^  top ;    and  the 
piston  rod  is  kept  in  the  axis  of  the   cylinder   by  being  passed  through  a  hole 
*  "  Ann.  of  Phil."  N.  S.  ix.  196.  +  «« Ann.  of  PhiL"  N.  S.  v.  75. 
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in  a  piece  of  cork  fixed  at  the  top  of  the  tube.  When  the  instrument  is  used,  a 
little  water  is  put  into  the  bottom ;  the  piston  is  then  introduced,  with  its  aperture  left 
open;  and  the  water  is  heated  oyer  a  spirit  lamp.  The  common  air  is  thus  expelled 
from  the  tube,  and  when  this  may  be  supposed  to  be  effected,  the  aperture  in  the  rod 
is  closed  by  the  screw.  On  applying  heat,  steam  is  produced,  which  drives  the  piston 
upwards.  On  immersing  the  bulb  in  water,  or  allowing  it  to  cool  spontaneously,  a 
yacuum  is  produced  in  the  tube,  and  the  piston  is  forced  downwards  by  the  weight  of 
the  atmosphere.  These  appearances  may  be  alternately  produced,  by  repeatedly 
heating  and  cooling  the  water  in  the  ball  of  the  instrument.  In  the  original  steam 
engine,  the  vapour  was  condensed  in  the  cylinder,  as  it  is  in  the  glass  tube ;  but  in 
the  engine  as  improved  by  Mr.  Watt,  the  steam  is  pumped  into  a  separate  vessel,  and 
there  condensed ;  by  which  the  loss  of  heat,  occasioned  by  cooling  the  cylinder  every 
time,  is  avoided. 

lY.  The  boUing  point  of  the  same  fluid  varies  under  different  degrees  of  atmospheric 
pressure.— -Thua  water,  which  has  been  removed  from  the  fire,  and  has  ceased  to  boil, 
has  its  ebullition  renewed  when  it  is  placed  under  a  receiver,  the  air  of  which  is 
quickly  exhausted  by  an  air  pump.  Alcohol  and  ether,  confined  under  an  exhausted 
receiver,  boil  violently  at  the  temperature  of  the  atmosphere.  In  general,  liquids  boil 
in  vacuo,  with  about  124°  less  of  heat  than  are  required  under  a  mean  pressure  of  the 
atmosphere  ;*  water,  therefore,  in  a  vacuum  must  boil  at  88",  and  alcohol  at  49°  Fah. 
Even  the  ordinary  variations  in  the  weight  of  the  air,  as  measured  by  the  barometer, 
are  sufficient  to  make  a  difference  in  the  boiling  point  of  water  of  several  degrees 
between  the  two  extremes,t  as  shown  in  the  following  table : — 


Height  of 

Boiling  point 

Height  of 

Boiling  point 

Barometer. 

of  water. 

Barometer. 

of  water. 

26     .     .     . 

.     .     .  204-91° 

29      .     .     . 

.     .     .  210-19° 

26-5.     .     . 

.     .     .  205-79' 

,29-5.     .     . 

.     .     .  211-07^ 

27     .     .     . 

.     .     .  206-67° 

30     .     .     . 

.     .     .  212° 

27-5  .     .     . 

,.     ,     ,  207-55^ 

30-5.     .     . 

.     .     .  212-88° 

28     .     .     . 

.     .     .  208-43° 

31     .     .     . 

.     .     .  213-76° 

28-5  .    .     . 

.     .     .  209-31° 

On  ascending  considerable  heights,  as  to  the  tops  of  mountains,  the  boiling  point  of 
water  gradually  falls  on  the  scale  of  the  thermometer.  Thus,  on  the  summit  of  Mont 
Blanc,  water  was  found  by  Saussure  to  boil  at  187°  Fah.  On  this  fact  is  founded  the 
use  of  the  thermometer  in  the  measurement  of  heights,  which,  though  originally  sug- 
gested by  Fahrenheit,  has  only  within  the  last  few  years  been  made  conveniently 
practicable,  by  the  invention  of  a  thermometer,  adapted  to  the  purpose,  by  the  Rev. 
Mr.  Wollaston.:!:  Without  entering  into  minute  details,  it  would  not  be  possible  to 
give  a  clear  idea  of  the  instrument.  It  may  be  sufficient  to  state,  that  each  degree 
about  the  boiling  point  is  made  to  occupy  a  space  that  admits  of  being  distinctly 
divided  into  1000  parts.  And  as  each  degree  of  Fahrenheit  is  equivalent  to  0*589  of  an 
inch  of  the  barometer,  which  indicates  an  elevation  of  530  feet,  it  follows  that  one 
thousandth  part  of  a  degree  will  be  equivalent  to  a  difference  in  height  of  about  six 
inches.  In  fact,  the  height  of  a  common  table  produces  a  manifest  difference  in  the 
boiling  point  of  water,  as  ascertained  by  tills  very  sensible  instrument. 

•  Black's  Lectures,  i.  151. 

t  Sir  O.  Shuokburgh,  in  "  Philosophical  Transactions/'  Ixxix.  375 ;  and  Gen.  Boy  in  ditto,  IzYii.  687. 

t  "  Philosophical  TransaetionB,"  1817. 
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The  influence  of  a  diminished  pressure,  in  causing  ebullition  to  take  plaoe  at  a 
lower  temperature,  may  also  be  illustrated  by  the  following  simple  experiment : — Place 
over  a  lamp  a  Florence  flask,  about  three-fourths  filled  With  water ;  let  it  boil  briskly 
during  a  few  minutes ;  and,  immediately  on  removing  it  from  the  lamp,  cork  it  tightly, 
and  suddenly  invert  it.  The  water  will  now  cease  to  boil ;  but,  on  cooling  the  convex 
part  of  the  flask  by  a  stream  of  cold  water,  the  boiling  wiU  be  renewed.  Applying 
boiling  water  from  the  spout  of  a  tea-kettle  to  the  samd  part  of  the  flask,  the  water 
will  again  cease  to  boil.  This  renewal  of  the  ebullition,  by  th«  application  of  cold  (an 
apparent  paradox),  is  owing  to  the  formation  of  an  imperfect  vacuum  over  the  hot 
water,  by  the  condensation  of  steam ;  and  the  suspension  of  boilings  on  re-applying  the 
heat',  to  the  renewed  pressure  on  the  surface  of  the .  hot  water^  occasioned  by  the 
formation  of  fresh  steam. 

From  the  facts  which  have  been  stated,  it  may  be  inferred  that  th^  particles  of 
caloric  are  mutually  repulsive,  and  that  they  communicate  this  repulsive  tendency  to 
oUier  bodies  in  winch  caloric  is  contained.  This  repulsive  power  tends  to  change 
solids  into  fluids,  and  liquids  into  aeriform  bodies,  and  is  chiefly  eountef  acted  by  the 
pressure  of  the  atmo^here.  Were  this  counteracting  cause  removed,  many  bodies, 
which  at  present  have  a  liquid  fbnn,  would  cease  to  be  such,  and  would  exist  perma- 
nently in  a  gaseous  state.  Precisely  the  same  effect,  therefore,  results  from  the  pre- 
valence of  either  of  these  forces.  Add  to  certain  liquids  a  quantity  of  caloric,  in  other 
words,  place  them  in  a  high  temperature,  and  they  immediately  assume  an  aeriform 
state.  Again,  their  temperature  remaining  the  same,  diminish  the  weight  of  the 
atmosphere;  and  the  calorie,  which  they  naturally  contain,  exerts  its  repulsive 
tendency  with  equal  effect,  and  they  are  in  like  manner  converted  into  gases.  These 
facts  are  best  shown  by  the  following  experiments  on  ether : — 

1.  Ether,  at  the  temperature  of  96%  exists  in  the  state  of  a  gas.  This  may  be  shown 
by  filling  a  jar  with  water  a  few  degrees  above  this  temperature,  and  inverting  it  in  a 
vessel  of  the  same.  Then  introduce  a  little  ether,  by  means  of  a  small  glass  tube 
closed  at  one  end.  The  ether  will  rise  to  the  top  of  the  jar,  and,  in  its  ascent,  will  be 
changed  into  gas,  filling  the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On 
permitting  the  water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again 
becoknes  filled  with  water. 

2.  Ether  is  changed  into  gas  by  diminishing  the  weight  of  the  atmosphere.  Into 
a  glass  tube,  about  six  inches  long,  and  half  an  inch  in  diameter,  put  a  tea-spoonful  of 
ether,  and  fill  up  the  tube  with  water ;  then,  pressing  the  thumb  on  the  open  end  of 
the  tube,  place  it,  inverted,  in  a  jar  of  water.  Let  the  whole  be  set  under  the  receiver 
of  an  al!r-pump,  and  the  air  exhausted.  The  ether  will  be  changed  into  gas,  which 
will  expel  the  water  entirely  from  the  tube.  On  re-admitting  the  air  into  the  receiver, 
the  gas  is  again  condensed  into  a  liquid. 

It  is  evidently  unnecessary  that  a  liquid  should  boil  in  vacuo,  in  order  to  be  con- 
verted into  vapour ;  for  all  liquids  have,  in  fact,  at  every  temperature,  a  tendency  to 
assume  the  state  of  gas,  and  several  which  exhibit,  at  the  common  temperature  of  the 
atmosphere,  no  appearance  of  ebullition,  are  nevertheless  convertible  into  vapour,  at 
that  temperature,  under  an  exhausted  receiver.  The  quantity  of  vapour,  produced  in 
vaem,  varies  with  the  »pace,  the  temperature,  and  the  nature  of  the  liquid.  Istly,  It  is 
proportional  to  the  space,  for  a  double  space  gives  occasion  to  the  formation  of  a  double 
quantity  of  vapour ;  and  if  a  given  volume  of  vapour  be  mechanically  Oompressed  into 
half  its  bulk,  one  half  will  be  re-converted  into  water*    2ndly,  It  increases  with  the 
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temperftture,  but  in  a  greater  proportion.  Srdly,  It  is  different  for  different  liquids ;  and 
it  may  be  obeeryed  that  liquids  whifib  enter  most  easily  into  ebullition  are  generally, 
though  with  some  exceptions,  those  which,  at  a  given  temperature,  afford  the  densest 
vapour.  Thus  the  vapour  o£  ether  is  more  dense  than  that  of  water.  The  caloric 
required  to  produce  this  sort  of  evspoxation,  which  may  be  called  spontaneous,  in  order 
to  distinguish  it  from  that  produced  by  obvious  sources  of  heat,  is  supplied  iu  the  first 
iiLstance  by  the  liquid  itself  the  temperature  of  which  is  at  first  observed  to  fall,  and 
is  afterwards  restored  by  the  influx  of  heat  firom  surrounding  bodies. 

Spontaneous  evaporation  goes  on,  also,  from  the  siurface  of  liquids  exposed  to  the 
atmosphere,  and  a  quantity  of  vapoup  is  pzoduced  which,  from  the  same  liquid,  is 
determined  by  the  pressme  and  the  temperature.  If  to  a  given  volume  of  dry  atmo- 
q^ric  air,  confined  over  mercury,  yfe  admit  a  small  quantity  of  water,  the  volume  of 
ibe  air  is  increased  by  the  admixture  of  aqueous  vapour.  Substituting,  at  the  same 
temperature  and  pressure^  any  other  gas  for  atmos^^ric  air,  an  expansion  is  produced 
to  precisely  the  same  amount  y  and  it  is  remarkable  that  the  quantity  and  force  of 
vapour,  in  a  given  volume  of  air  or  of  gas  of  extreme  moisture,  is  precisely  the  same 
as  in  a  TorrieeUian  vacuum  of  like  volume.*  These  facts  show,  as  will  afterwards  more 
fuUy  appear,  that  spontaneous  evaporation  is  entirely  independent  of  any  affinity  of 
air  £or  water^  and  is  to  be  explained  entirely  by  the  general  laws  regulating  the  pro- 
duction and  force  of  vapour. 

y.  By  conaidirMy  incnasinff  ike  pressure,  water  may  he  heated  io  above  400"  Fah. 
wUhottt  ieing  changed  into  vapdw, — This  experiment  requires,  for  its  performance, 
Fapifis  digeeter,  which  is  merely  a  strong  vessel  of  iron,  or  any  other  tenacious  metal, 
the  lid  of  which  is  firmly  screwed  down,  after  introducing  the  fluid  which  is  to  be 
heated*  To  prevent  the  vessel  from  being  burst,  its  Ud  is  provided  with  a  safety  valve, 
which  may  be  loaded  with  any  weight  that  may  be  thought  necessary  and  prudent. 
That  the  boiling  point  of  watar,  and  the  temperature  of  steam,  are  raised  by  an 
increased  pressure,  may  be  equally  well  shown  by  means  of  the  smraU.  boiler,  repre* 
sented  at  page  153,  which  will  be  found  extremely  useful  in  expeziaieata  on  thi« 
subject. 

On  the  cock  e  may  be  screwed,  occasionally,  a  valve,  loaded  in  the  proportion  of 
14  pounds  to  the  square  inch ;  or  a  gauge  adapted  to  show  the  density  of  the  steam, 
by  the  diminution  of  volume  in  a  confined  portion  of  air,  which  will  occupy  a  bulk 
inversely  proportionate  to  the  compressing  force  (see  Fig.  p.  153,/.)  The  boiler  being 
rather  more  than  half  flUed  with  water,  and  the  perforated  cap,  d,  being  screwed  into 
its  place,  the  ball  of  the  thermometer  will  be  an  inch  or  more  above  the  surface  of  the 
water,  and  will  indicate  its  temperature,  as  well  as  that  of  the  steam,  both  being, 
necessarily,  in  all  cases,  precisely  the  same.  Allowing  the  steam  to  escape  through  the 
coclc  c,  before  affixing  the  valve,  the  temperature  of  the  steam,  under  a  mean  atmo- 
spheric pressure,  will  be  212°.  When  an  additional  atmosphere  is  added  by  the 
weighted  valve,  it  will  rise  to  250" ;  by  a  valve  twice  as  heavy  as  the  first,  or  loaded 
in  the  proportion  of  42f  pounds  to  the  square  inch  (  =  three  atmospheres),  the  tem- 
perature of  the  steam  will  be  raised  to  more  than  270"*.  This  is  as  far  as  it  is  safe  to 
carry  the  experiment. 

'■■  An  apparatus  adapted  to  the  same  purposes  has  been  contrived,  also,  by  Dr.  Marcet, 

and  may  be  procured  from  the  makers  of  philosophical  instruments  in  London.    It 

consists  of  two  hemispheres  (see  the  figure),  generally  of  brass,  which  are  fixed  together 

*  "Daltoa>ftNew  Systett,**  p.  IM. 
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by  flandies  and  screws.  At  the  upper  part  are  three  openings,  into  one  of  which 
a  cock  may  he  screwed;  into  the  other  a  thermometer, 
graduated  to  250**,  or  upwards ;  and  into  the  central  one  is 
fixed  a  long  gkss  tube,  open  at  both  ends,  and  reaching  to 
within  about  one-eighth  of  an  inch  of  the  bottom  of  the 
boiler.  When  the  apparatus  is  used,  mercury  sufficient  to 
fill  the  tube  is  first  put  into  the  yessel,  and  oyer  this  a 
quantity  of  water  sufficient  to  occupy  about  half  its  capa- 
city is  poured,  and  the  cock  being  shut,  the^heat  of  a  spirit 
lamp,  with  three  or  four  wicks,  is  applied.  With  this 
boiler,  precisely  the  same  experiments  may  be  made  as 
with  that  which  I  haye  already  described,  the  only  differ- 
ence being  in  its  form,  and  in  the  gauge  for  measuring  the 
force  of  the  steam  which  is  generated ;  for  this,  by  its 
pressure,  drives  the  mercury  up  the  tube,  and  by  the 
height  of  the  column  exhibits  in  a  more  striking  manner 
the  correspondence  between  the  elasticity  of  the  steam  and 
its  temperature. 

The  elasticity  of  the  vapour  of  water  from  32**  to  212** 
Fah.  had  been  experimentally  determined  by  Mr.  Dalton^ 
who,  from  his  results,  had  calculated  its  force  at  tempera- 
tures above  the  ordinary  boiling  point.  It  was  still, 
however,  desirable  to  ascertain,  by  actual  experiment,  the 
elastic  fbrce  of  vapour  above  212%  and  this  has  been 
attempted  by  Professor  Bobinson,  Mr.  Southern,  and  Dr. 
Ure.  Mr.  Southern's  experiments  were  made  many  years 
ago,  but  were  first  published  in  Dr.  Brewster's  edition  of 
Professor  Bobinson's  works.  The  following  table  expresses  the  elasticity  of  aqueous 
vapour  according  to  his  experiments,  under  one,  two,  four,  and  eight  atmospheres : — 


Atmosplieres 

PresBure  in  inches 
of  Mercury. 

Temperatures 

1 

.      29-8    . 

.     212-" 

H 

.       44-7     .         . 

.     234- 

2 

.      69-6    . 

.     250-3 

2* 

.      74-6    .        . 

.     264-2 

3 

.      89-4     . 

.     275- 

H 

.     104-3     . 

.     285-3 

4 

.     119-2     , 

.    293-4 

^ 

.     1341     . 

.     302- 

5 

.     149-      . 

.     309-2 

H 

163-9     . 

.     316-4 

6 

.    178-8    . 

.     322-7 

H 

193-7    . 

.     328-6 

7     . 

.     208-6     . 

.     334-4 

n  . 

223-6     . 

.     339-3 

8      . 

rr     *       

238-4     . 

.    343-6 

Dr.  Ure*s  experiments  were  published  in  the  "Philosophical  Transactions'*  for 
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1818.  By  reference  to  his  results,  it  will  be  seen  that  between  32''  and  212%  an 
almost  exact  coincidence  may  be  observed  between  the  experiments  of  Dalton 
and  of  Ure ;  but  this  ceases  aboye  the  boiling  point  of  water,  for  there  Mr.  Dalton's 
numbers  were  calculated  on  the  presumption  that  the  same  law  of  progression 
obtains  in  the  higher  as  in  the  lower  ranges,  which  does  not  appear  to  be  correctly 
the&ct 

Dr.  Ure  has  examined,  also,  the  elastic  forces  of  the  vapours  of  alcohol,  ether,  oil  of 
turpentine,  and  naphtha,  and  has  exhibited  the  results  in  the  form  of  a  table.  To  the 
experiments  on  ether  it  has,  however,  been  objected  by  Mr.  Dalton  that  they  were 
made  on^that  fluid  in  an  impure  state,  as  is  evident  from  its  boiling  point,  which 
Dr.  Ure  states  at  104°  or  106** ;  whereas  the  point  at  which  pure  ether  boils,  under  the 
pressure  of  the  atmosphere,  is  96°  Fah.  Mr.  Dalton  has,  therefore,  from  his  own 
experiments,  constructed  a  fresh  table. 

YL  1%$  tUkfity  of  siemm  is  mmt^,  if  not  aeewraUlyy  proportional  to  its  sUuUeiiff ;  at 
least  this  may  be  affirmed  of  it  within  the  limits  of  Mr.  Southern's  experiments,  which 
extended  to  steam  formed  under  a  pressure  of  120  inches  of  mercury,  or  of  four 
atmospheres.  Thus  steam  of  elasticity  =  40  mches  of  mercury  required  1*430  cubic 
inches  of  water  to  form  each  cubic  foot  of  steam ;  vapour  of  SO  inches  required  2*940 
cubic  inches  of  water ;  and  vapour  s=  120  inches  force  required  for  each  cubic  foot 
4-279  cubic  inches  of  water.  The  elasticities,  therefore,  and  the  quantities  of  water  in 
these  experiments,  have  the  same  common  multiple :  in  other  words,  steam  of  double, 
triple,  &Cf  elastic  force  contains,  in  an  equal  volume,  twice,  thrice,  &c.,  the  weight  of 
water. 

YII.  Ths  force  ofpopourfrom  afferent  liquids  varies  at  the  sanie'femperattire,^'T\nB 
is  best  shown  by  the  following  elegant  contrivance  of  Mr.  Dalton  :->Take  a  barometer 
tube,  perfectly  dry,  and  fill  it  with 
mercury  just  boiled,  marVing  the  place 
where  it  is  stationary ;  then,  having 
graduated  the  tube  into  inches  and 
tenths,  pour  a  little  ether,  water,  or  any 
other  liquid  the  subject  of  experiment, 
into  it,  so  as  to  moisten  the  whole 
inside.  After  this,  again  pour  in  mer« 
cury,  and  invert  the  tube,  carefrilly 
excluding  air.  The  barometer,  by 
standing  some  time,  will  exhibit  a 
portion  of  the  liquid  employed,  of  one- 
eighth  or  one-tenth  of  an  inch,  upon 
the  top  of  the  mercurial  column,  be- 
cause, being  lighter,  it  ascends  by  the 
side  of  the  tube,  which  may  now  be 
inclined,  and  the  mercury  will  rise  to 
the  top,  manifesting  a  perfect  vacuum 

from  air.    When  the  ordinary  bare-  . 

meter  is  at  the  mean  height  (29*8),  I 

and  the  thermometer  at  60%  the  force  of 

vapour  in  the  ether  barometer  will  depress  the  mercury  nearly  10  inches ;  of  sulphuret 
of  carbon  about  8^  inches ;  that  of  alcohol  about  an  inch ;  and  that  of  water  only  about 
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0*4  ineky  slio^ng  that  tbe  foroe  of  vapour  £rom  eaeh  Uqnid  in  a  Tacuum  fa  proportionate 
to  its  oyaporability . 

Exposing  vapour  thns  confined  to  lu^er  and  lower  temperatores  than  that  of  tlw 
atflUMpker^  Mr.  Dalton  determined  that  the  iforiation  of  the  force  of  vap<Htr  from  «$ 
ligmdi  4i  the  eame  for  the  same  variation  of  i^mperaimff  reckoning  from  vapomr  efemy 
given  force.  Thus,  assuming  a  force  equal  to  30  inches  of  mercury  as  the  standard— 4ihat 
being  the  force*  of  any  liquid  boiling  in  tiie  open  air— we  find  aqueona  vapour  loses  half 
its  foree  by  a  diminution  of  80°  of  temperature.  SO)  also,  does  the  vapour  of  any  ottwr 
Uquid  lose  half  Its  force  by  diminishing  its  temperature  30**  below  tibat  at  which  it 
bollB,  and  the  like  for  any  other  increment  or  decrement  of  h«at.  Thla  positiAn  Mr. 
Balton  established  by  a  train  of  satisfectory  expenments. 

VIII.  The  latent  heat  of  the  vapours  ofJiuidSf  though  constant  for  ^cg^our  cf  the  same 
Mndf  and  of  a  given  elastieity,  differs  in  different  vapours* 

The  latent  heat  of  the  vapoura  of  different  liquids  has  been  iftvestigirfed  by  Br.  Ure 
and  by  M.  Desprete.  ^e  me^d  employed  by  both  was  to  distil  off «  known  quantity 
of  eadi  liquid,  and  to  observe  the  temperataxo  gained  by  the  ^ater  employed  to  con- 
dense its  vapour.    From  llie  results,  Dr.  Ure  has  eoostnicted  Uie  f<]llowing  table*  :— 


OanOUL  TABLE  OP  LATSHT  HSAT  OF  VAFOTHU, 

Yapour  of  water  at  its  boiling  point 

„  alcohol  (sp.  gr.  0-826)       .        .        . 

„  sulph.  ether  (boiling  point  104") 

,y  petroleum    .     •        •       * 

„  oil  of  tiMrpeatiiie  {do.  about  31(f)       , 

„  nitric  acid  (sp.  gr.  1*494,  boiled  at  165") 

„  liquid  ammonia  (sp.  gr.  0*978) 

„  vinegar  (sp.  gr.  1*007) 


1000 
467 
31^9 
18a-2 
183-8 
•660- 
865*9 
905 


,.00  soUowinf  nnmben  zeault  from  tiio  experiments  of  H.  Despretzf : — 

Vapour  of  water i^6&**$ 

i  „        alcohol  (gp.  gr.  -793) .  .        ,        ,  373''86 

„       ether  (sp.  gr.  -715) 1W*44 

„        oiloftuip.  (sp.gir, -872) l^^'U 

IX.  The  absor^on  ^cdhric^  during  evaporation^  shown  by  a  very  smploerpei'tmeitt — 
Moiaton  a  dier^iQineter  with  alcohol,  or  with  ether,  and  ezpoee  it  to  tiie  air, 
repeating  Itiese  dperatioaa  alternately.  The  mereuzf  of  the  ^ermemeter  will  siok  at 
each  expostire,  because  the  volatile  liquor,  during  the  evaporation,  robs  it  of  ita  heat* 
In  fliia  way  (especially  with  fhe  aid  of  an  apparatus  described  by  Mr.  Oavallo  in  tiie 
"  Pliilosophical  Transactions,"  1781,  p.  509)  water  may  be  fkozen  in  a  thin  and  amall 
glaas  ball  by  meana  of  el^er.  The  same  effect  may  be  obtained,  also,  by  immenisg  a 
tubf ,  eontainisg  water  at  the  bottom,  in  a  glass  partly  filled  wilji  eth^,  which  is  to  be 
plaoed  under  the  r«ceiver  of  an  air-pump ;  or  the-etiier  may  be  allowed  to  float  on  the 
suffaee  of  the  water.  During  the  exhaustioa  of  the  vessel,  the  ether  will  evaporate 
rapidly ;  and,  robbing  the  water  of  heat,  will  completely  freeze  it ;  thus  eiJiibiting  the 

*  *'  Diet,  of  ChffmSstrr,"  pa^  289.  f  "  Ann.  4«  Ckim.  H  de  Phft."  xxir.  820. 
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•isgular  gj^eettueU  of  two  flmda  in  eoi^aot  with  each  oti&er,  one  ^  which  is  in  the  «el  «f 
boiling,  and  the  o&er  of  freezing,  at  the  same  moment. 

By  a  little  mo^fteatMn  of  the  experiment,  mereurjr  itself  whidi  requires  for  eon- 
gel^itkm  a  temperature  of  almost  49''  below  0  of  Faluwnhatt,  maj  be  fiosen,  ts  was  ixrt 
^owm  by  Dr.  Mazeet.*  A  cenieal  Meemr,  open 
at  the  top,  is  placed  on  the  plate  of  an  air-pump, 
and  a  small  tube,  with  a  cylindiieal  bulb  at  its 
lower  tnd,  oontaunng  moKnuy,  is  suspended  within 
tiie  reeeiTer,  through  tiie  i^ertore,  by  means  eif  a 
brass  i^ate,  perforated  im  its  centre,  and  fitting  the 
reoetrer  air-tight,  when  laid  upon  its  open  neck. 
The  tiake  passes  through  this  plate,  to  whieh  it  is 
fitted  by  a  Leather  a^vstment,  or  aimpiy  by  a  cork 
Mctirod  with  sealing-wax.  Hie  bulb  is  then 
wxapped  up  in  a  little  cotton  wool,  ear,  what  is 
beitter,  in  «  small  bag  cf  fine  fleecy  hosiery,  in 
wliieh  «  small  spirit  thermom/^r,  graduated  below 
40*  F4^  may  also  be  tneluded ;  and,  aftw  being 
cBpped  into  saii^ttret  of  4sarbon  or  ether,  tlie 
apparatus  is  quickly  placed  under  the  receiver, 
which  is  exhaastpd  as  rapidly  as  possiblct  In 
tw«  «r  fliive  nanntes  the  temperacwe  sinJm  to 
abaut  W  briow  0,  at  whiijh  moment  the  quidc* 
silver  in  the  stem  suddenly  descends  with  great  \ 
rapidity.  If  it  be  desired  to  ezhifait  the  mercury 
in  a  aolid  state,  common  tubes  may  be  used,  which 
haveorigittally  been  about  an  inch  in  diameter,  bat 
hare  been  flattened  by  pressure,  wliai  softened  by 

ike  bbw-pipa.    The  experiment  suoeeeds  when  the  temperatara  of  the  room  is  as  high 
as^-40^Fahreidbnt 

X  TkiJiMMiiim  of  eabrie  in  water^  fy  its  emweraim  inio  Hsam,  tHSff  he  sAotoniy  ih* 
ftBomimf  4xperimmi$ :'^1,  Let  a  poumi  of  water  at  SIS'*,  and  Mght  pounds  of  ivon 
filings  at  300%  be  sndd^y  mixed  together.  A  large  quantity  of  vapoar  wili  be 
instanfly  generated  \  and  the  tempecatuve  of  the  mixture  will  be  only  212° ;  but  tiiat 
of  the  rapour  prodneed  is  also  not  more  than  212° ;  and  the  steam  mast  dim:«foffe 
cantsia,  in  a  latent  or  combined  form,  all  the  caloric  which  rused  the  temperature  of 
eight  pounds  of  iron  filings  irom  212''  to  dOO''. 

2.  When  a  quantity  of  water  is  heated  seyeral  degrees  above  the  boiling  point  in  a 
close  vessel,  and  a  cock  is  then  suddenly  opened,  the  steam  rushes  out  with  prodigious 
noise  and  violence,  and  the  heat  of  the  water  is  reduced  in  three  or  four  seconds  to  the 
boilmg  temperature.  The  water,  however,  constituting  the  steam  which  has  escaped^ 
amotmt^  to  only  a  very  trifling  quantity,  and  yet  it  has  been  sufficient  to  carry  off  the 
whole  excess  of  heat  from  the  water  in  the  digester. 

3.  Tine  quantity  of  caloric,  which  becomes  latent  during  the  formation  of  "steam, 
may  be  approximated,  by  repeating  the  following  experiment  of  Dr.  Black.    He  placed 

•34"Nich.  Joum."119. 

t  In  exhausting  a  vessel  containing  cither  of  these  fluide,  the  valves  of  the  air-pump  must  be 
metallic. 
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two  cylindrical  flat-bottomed  yessels  of  tin,  five  inches  in  diameter,  and  containing  a 
small  quantity  of  water  at  50%  on  a  red-hot  iron  plate,  of  the  kind  used  in  kitchens. 
In  four  minutes  the  water  began  to  boil,  and  in  twenty  minutes  the  whole  was  boiled 
away.  In  four  minutes,  therefore,  the  water  received  162^  of  temperature,  or  40^°  in 
each  minute.  If  we  suppose,  therefore,  that  the  heat  continues  to  enter  the  water  at 
the  same  rate,  during  the  whole  ebullition,  we  must  conclude  that  40}"  x  20  =  810° 
have  entered  the  water,  and  are  contained  in  the  vapour. 

It  has  been  found  by  experiment  that  75  pounds  of  Newcastle  coal,  or  100  pounds 
of  coal  of  medium  quality,  applied  in  the  best  manner,  are  required  for  the  evaporiza- 
tion  of  12  cubic  feet,  or  about  89}  wine  gallons  of  water.  In  practice,  a  pound  of  coal, 
on  the  average,  may  be  considered  as  equivalent  to  convert  a  gallon  (=  8  pounds 
avoirdupois)  of  water  into  vapour.  Wood  charcoal,  by  combustion,  is  capable  of 
melting  94  times  its  weight  of  ice,  and  of  evaporating  13  times  its  weight  of  water, 
previously  at  32°  Fah.  Peat  of  the  best  quality,  when  properly  applied,  evaporates  10 
times  its  weight  of  water,  but,  as  commonly  used,  only  4  or  5  times.  Even  with  the 
assistance  of  heated  air,  only  six  times  its  weight  can  be  evaporated,  though  Curaudau 
states  that  he  evaporated  25  times  its  weight.*  From  evidence  given  before  the 
House  of  Commons  on  the  Gas  light  Bill,  17^  pounds  of  good  London  coke  appear  to 
be  capable  of  raising  from  66  to  70  pounds  of  water  into  vapour,  or  about  4  times  their 
weight  t 

XI.  JTateTy  by  emversum  into  sUaWy  haa  its  htUk  prodigiotUly  itdargid^  viz.,  according 
to  Mr,  Waif  8  experiments^  about  1800  ttmes^  or^  aeeording  to  GayZussae^  only  1698  times, 
— ^A  cubic  inch  of  water  (or  252  grains)  occupies,  therefore,  when  converted  into  steam, 
of  temperature  212%  and  force  equal  to  30  inches  of  mercury,  the  space  of  nearly  a 
cubic  foot.  The  specific  gravity  of  aqueous  vapour  under  the  ordinary  pressure  of  the 
air,  is  to  that  of  perfectly  dry  air,  taking  Gay  Lussac's  data,  as  10  to  16,  or  0*62349  to 
1.  The  specific  gravity  which  it  ought  to  have  from  theory  is  0*620,  for  this  should 
result  from  condensing,  into  two  volumes,  two  volumes  of  hydrogen  gas,  sp.  gr.  0-0688, 
and  one  volume  of  oxygen  gas,  sp.  gr.  1*1025.  The  experimental  result  of  Gay  Lussae 
was  obtained  by  comparing  air  and  steam  at  the  common  temperature  of  212°  Fah.;^ 
But  as  aU  gases  and  vapouro  are  expanded  or  contracted  to  the  same  amount  by  equal 
variations  of  temperature,  it  must  be  obvious  that  the  same  relation  wiU  continue 
between  air  and  aqueous  vapour  at  aU  other  degrees  of  heat,  provided  both  are  sub- 
jected to  a  common  temperature  and  pressure.  Steam,  therefore,  when  once  formed, 
derives  no  greater  increase  of  elastic  force,  by  raising  its  temperature,  than  air;  and 
no  danger  can  arise  from  heating  a  confined  portion  of  steam,  provided  the  vessel 
contains  no  water,  from  which  fresh  steam  might  be  generated.  In  that  case,  its 
volume  (and  if  not  suffered  to  expand  its  elasticity)  is  increased  about  one*tenth  of  the 
original  amount,  by  every  addition  of  about  60°  Fah. 

XII.  On  the  contrary,  vapours,  during  their  conversion  into  a  liquid  form,  evolve,  or 
give  out,  much  eahrie.—The  heat  given  out  by  the  condensation  of  steam,  is  rendered 
apparent  by  the  following  experiment :— Mix  100  gallons  of  water  at  50"  with  I  gallon 
of  water  at  212° ;  the  temperature  of  the  water  wiU  be  raised  about  1^°.  Condense, 
by  a  common  still-tub,  1  gallon  of  water,  from  the  state  of  steam,  by  100  gallons  of 

•  70"Ann.Ch.»»86. 

t  See  also  Count  Ram/ord*8  "  Researches  on  the  Heat  developed  in  Combiution."  FhiL  Mag. 
xli.  xUi.  and  xliii. 

*  "  Ann.  de  Chlm.  et  de  Phys.,"  ii.  185. 
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water,  at.tiie  temperature  of  60^  The  water  will  be  raised  ll^  Hence,  1  gallon  of 
water,  condensed  firam  steam,  raises  the  temperature  of  100  gallons  of  cold  water  d^'* 
more  than  1  gallon  of  boiling  water ;  and,  by  an  easy  calculation,  it  appears  that  the 
caloric  imparted  to  100  gallons  of  cold  water  by  8  pounds  of  steam,  if  it  could  be  con- 
densed in  1  gallon  of  water,  would  raise  it  to  950°  ;*  and  1  gallon  of  water  converted 
into  steam  of  ordinary  density,  contains  as  much  heat  as  would  bring  5(  gallons  of 
ice-cold  water  to  the  boiling  point  The  quantity  of  ice,  which  is  melted  by  steam  of 
mean  density,  is  inyariably  7|  times  the  weight  of  the  steam. 

For  exhibiting  the  latent  heat  of  steam,  by  means  of  a  small  apparatus,  which  may 
be  placed  on  a  table,  and  with  the  assistance  only  of  a  lamp,  the  boiler  represented  in 
the  annexed  woodcut  will  be  found  extremely  well  adapted.    The  right  angled  pipe  « 


must  be  screwed,  however,  into  its  place,  and  must  be  made  to  terminate  at  the  bottom 
of  a  jar,  containing  a  known  quantity  of  water  of  a  given  temperature.  This  con- 
ducting pipe  and  the  jar  should  be  wrapped  round  with  a  few  folds  of  flannel.  The 
apparatus  being  thus  disposed,  let  the  water  in  the  boiler  be  heated  by  an  Argand's 
lamp,  with  double  concentric  wicks,  or  any  other  convenient  source  of  heat,  till  steam 
issues  in  considerable  quantity  through  the  cock  c,  which  is  then  to  be  closed.  The 
steam  will  now  pass  through  the  right  angled  pipe  into  the  water  contained  in  the  jar, 
which  will  condense  the  steam,  and  will  have  its  temperature  very  considerably  raised* 
Ascertain  the  augmentation  of  temperature  and  weight ;  and  the  result  will  show  how 
much  a  given  weight  of  water  has  had  its  temperature  raised  by  a  certain  weight  of 
condensed  steam.  To  another  quantity  of  water,  equal  in  weight  and  temperature  to 
that  contained  in  the  jar  at  the  outset  of  the  experiment,  add  a  quantity  of  water  at 
21 2*^,  equal  in  weight  to  the  condensed  steam ;  it  will  be  found,  on  comparison  of  the 
•  **  Bladk's  Lectures,"  i.  169. 
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two  TemdiiXig  temperatureB,  tSiat «  giv«ii  vwiglil;  of  stoiycL  Jbat  produeed»  bf  Us  eondeiio 
sfttion,  ft  much  groater  ele^ftfeion  of  tHapeeKhu»)  tbttt  th0  atme  quaatity  «£  boiliag 
water.  Tfada  vill  be  bettmr  uadentood  Taj  the  foUowiog  example^  ieAom  £raalfletaal 
ezperimeiit. 

Into  ei^i  oanMs  of  vratei^  at  50^  Fab.,eontai&ied  m  tbe  giaM  jfur,  /,  ateaflci  vaa  fMWsed 
from  tlie  boiler,  till  the  tempexalnre  of  the  waler  m  the  jmr  rose  to  179^  Oa  weighing 
the  water,  it  was  &>a&d  to  haT<e  gained  8^  draehms ;  that  is,  preeiseljr  Bk  dvaohnia  of 
steam  had  been  condensed,  aad  h«d  imj^arted  M»  hesA  to  the  water.  To  fftcilitote  the 
expftanaiibn  of  thia  exp^ment,  it  is  noeensaiy  to  premise  the  foUowing  xta»i$sd^. 

To  meamie  the  whole  ^lumtiitifig  of  oahm  &0]M»inod  m  diffesmi  hodiea,  ia  o  i^Ueni 
in  ohemistry  whieh  hat  not  yet  been  aolTed,  But  the  foajitaties  of  caloric  Added  to, 
or  subtracted  from,  different  bodies  (setting  out  from  a  given  temperature)  may,  in 
many  cases,  be  measured  aitd  compared  with  considerable  accuracy.  Thus  if,  as  has 
been  already  stated,  2  pounds  of  water  at  120"*  be  mixed  with  2  pounds  at  60°,  half  the 
excess  of  caloric  in  the  hot  water  will  ^ass  to  the  colder  portion ;  that  is;  the  hot  water 
will  be  cooled  30=*,  and  the  cold  will  receive  30*  of  temperature ;  and,  if  the  experiment 
be  conducted  with  proper  precautions,  90°,  the  arithmetical  mean  of  the  temperature  of 
the  separate  parts,  will  be  the  tempecatoBe  of  the  mixture.  If  3  pounds  of  water  at  100° 
be  mixed  with  1  pound  at  60%  we  shall  have  the  same  quantity  of  heat  as  before,  viz., 
4  pounds  at  90°.  Hence,  if  the  quantity  of  water  be  multiplied  by  the  temperature, 
the  product  will  be  a  comparative  measure  of  the  quantity  of  oalorie  which  the  water 
contains,  exceeding  the  zero  of  the  thermometer  employed. 

Thus,  in  the  last  example, 

3  X  100  =  300 jc=  the  caloric  above  zero  in  the  j6rst  portion. 
1  X    60  ^   60 1=  the  caloric  above  zero  in  the  seoond  ditibo. 

The  sum,  360  s:  the  calorie  ftbovo  zero  in  the  moxture. 
Dividing  360  by  4,  the  whole  quantity  of  water,  wie  obtain  ftO\  the  temperature  of  the 
mixture. 

This  method  of  computation  may  bo  conveniently  ipflied  to  a  variety  ni  cases. 
Thus,  in  the  foregoing  experiment,  H  drachms  of  steam  «t  212°,  added  to  €i  drachms 
of  water  at  50°,  produced  72^  4rachms  of  wiiter  at  17S''.    Kow, 
72i  X  17t  5=  12642^  =  whele  heat  of  the  mixtofo. 
64    X    50  ;=;   3200  =  heat  of  64  drachms,  one  of  the  component  parts.    . 

93421  =  heat  of  8|  drachms,  the  other  component  part. 

Therefore  9342 J  cUvided  by  8^^  =  1099,  should  have  been  the  temperature  of  l3ie 
latter  portion  (viz.  8^  drachms),  had  none  of  its  heat  been  latent ;  and  1099  —  212  ==  887 
gives  the  latent  heat  of  the  steam.  This  result  does  not  differ  more  than  might  be 
expected,  owing  to  the  unavoidable  inaccuracies  of  the  experiment,  from  Mr.  Watfs 
determination,  which  states  the  latent  heat  of  steam,  on  an  average  of  nine  experiments, 
at  949*9°,  say  950°.*  Lavoisier,  with  the  aid  of  the  calorimeter,  makes  it  1000%  or  a 
little  more  ;t  Mr.  Southern,  945 ;  and  Dr.  TJre,  967. 

XIII.  The  same  weight  of  steam  contains,  whatever  may  he  its  density,  (nearly)  the  same 

quantity  of  caloric  ;  its  latent  heat  being  increased,  (nearly)  m  proportion  as  its  sensible  heat 

is  diminished  ;  and  the  reverse.— Th&i  portion  of  the  statement  which  appears  in  italics, 

is  commonly  known  as  Waifs  law.    Recent  investigations  have  demdastrated  that  it  is 

•  "  Black's  Lectures,"  i.,  174,  and  **  Letter  to  Dr.  Brewster,"  p.  7,  n.  +  Ibid.  i.  175. 
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slightly  incoReet,  and  must  now  be  peceired,  ia  a  philosophical  seiMe,  as  limited  in 
the  text.  For  all  practical  purpdsesi  howeyer,  the  original  law  of  "Watt  may  be  con- 
sidered as  unaffected.*  This  principle,  though  scarcely  admitting  of  illustration  by  an 
easy  experiment^  is  one  of  considerable  importance;' and  an  ignorance  of  it  has  been~ 
the  occasion  of  many  fruitier  attempts  to  improve  the  economy  of  fuel  in  the  steam- 
engine.  The  fact,  so  far  as  respects  steam  of  lower  density  than  that  of  l3iirty  inches 
of  mercury,  was  long  ago  determined  experimentally  by  Mr.  Wattf  As  the  boiling 
point  of  liquids  is  known  to  be  considerably  reduced  by  a  diminished  pressure,  it  seemed 
reasonable  to  suppose  that,  under  these  circumstances,  steam  might  be  obtained  from 
them  with  a  less  expenditure  of  fuel.  "Water,  Mr.  Watt  found,  might  easily  be  distilled 
in  vaeuo  when  at  the  temperature  of  only  70*  Fahrenheit.  But,  by  condensing  steam 
formed  at  diis  temperature,  and  observing  the  quantity  of  heat  which  it  communicated  to 
agrven  weight  of  water,  he  determined  that  its  latent  heat,  instead  of  being  only  965**, 
▼as  between  1200*  and  1300**. 

"The  same  principle  may  be  explained  also  by  the  fallowing  Ulustrs^tion,  which 
was  suggested  by  Mr.  Ewart.  Let  us  suppose  that  in  a  cylinder,  fumisihed  with  a 
piston,  we  have  a  certain  quantity  of  steam,  and  that  it  is  suddenly  compressed,  by  a 
stroke  of  ike  piston,  into  half  its  buHc.  Kone  of  the  steam  will  in  this  case  be  con- 
densed ;  but  it  will  acquire  double  elasticity,  and  its  temperature  will  be  considerably 
increased.  Now,  if  we  either  suppose  the  cylinder  incapable  of  transmitting  heat,  or 
take  the  moment  instantly  following  the  compression  before  any  heat  has  had  time  to 
escape,  it  must  be  evident  that  the  sensible  and  latent  heat  of  steam,  taken  together 
before  compression,  are  precisdy  equal  to  the  sensible  and  latent  heat  taken  together  of 
the  denser  steam.  But  in  the  dense  steam  (he  sensible  heat  is  increased,  and  the  latent 
heat  proportionally  diminished.  Reversing  this  imaginary  expeiiment,  if  we  suppose 
only  half  the  cylinder  to  contain  steam  at  2112°,  and  the  piston  to  be  suddenly  raised  to 
the  top  of  the  cylinder,  the  steam  will  be  expanded  to  twice  its  volume,  its  temperature 
wiQ  fall,  but  its  sensible  «nd  latent  heat  taken  together  will  still  remain  unchanged. 
The  explanation  of  these  facts  will  be  furnished  l)y  a  principle  to  be  hereafter  explained, 
ffiz.,  that  the  capacities  of  elastic  fluids  for  caloiic  are  uniformly  diminished  hj  increas- 
ing their  density,  and  the  reverse. 

Direct  experiments  to  ascertain  the  latent  heat  of  steam,  formed  under  lugher 
pressures  than  that  of  the  atmosphere,  have  been  made  by  Mr.  Southern,  of  Soho,  and 
by  Mr.  fiharpe,  then  of  Manchester.^  Those  of  the  latter  were  first  published,  and 
were  to  him  quite  original.  They  were  conceived  and  executed  very  ably,  but  were 
subsequent,  in  point  of  time,  to  tite  experiments  of  Mr.  13outhem,  which,  though  only 
lately  made  |^ublic,§.  were  instituted  many  years  ago.  The  latter  consisted  in  ascer- 
taining tbeftugmen^tion  0f  weight  and  increase  of  temperature,  gained  by  given  quan- 
tities of  w^toEy  ttODi  thf  condensatiQin  of  known  volumes  of  aqueous  vapour  of  different 
densities.  The  results  presented  differences  in  the  latent  heat  of  steam  of  different 
densities,  but  pf  fto  v^  ^lAaJi  an  amount  as  to  arise  probably  from  unavoidable  sources 
of  error  in  manipnlalioE.  The  following  table  exhibits  the  principal  results  obtedned 
by  Mr.  Southern:— 

*  See  H.  RcgDftilU  on  «Ke1«tion  dee  Experiences  enterprisoB  itour  dtffeermincr  let  Prinoipales 
lois  et  lee  docu^es  Num^quee  qui  «ntrent  daae le  Calcul  des  Maebines  h  Vapour,''  Paris,  UI47 ;  or 
a  translation  of  the  same  in  Vol.  I.  of  the  Works  of  the  Cavendish  Society. 

+  "  Black's  Lectures,"  i.  190.  t  "  Manchester  Society's  Memoirs,"  Vol.  H.,  New  Scries. 

\  Breweter'fl  ixlitlon  of  Prof.  Robinson's  Works. 
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Temperature  Elasttdtj' of  ditto  Latent 

of  Steam.  in  inches  of  Mercury.  Heat. 

229         ,         .        .        .      40        .        .        ,        .    942° 
270  ....       80        ...         .     942* 

296  ....  120  ,.,  .  960** 
The  ezperiments  of  Mr.  Sharpe,  and  aUo  a  recent  series  by  Clement  and  Desormes 
(of  irhicli  an  abstract  is  given  in  the  Appendix  to  Thenard's  ''Traits  de  Chimie,"  vol.  iv., 
p.  262,  3me  edition),  and  more  recently  M.  Eegnault,  establish  the  same  general  law, 
at  least  within  certain  limits.  This  law  is  of  great  importance  in  practice,  since  it 
shows  that  no  essential  saving  of  fuel  can  be  reasonably  expected  from  using,  as  a 
moving  power,  steam  formed  under  high  pressures ;  for  as  a  pound  of  steam,  of  whatever 
density,  gives  out  by  condensation  the  same  quantity  of  caloric,  it  ii  obvious  that,  to  con* 
vert  a  pound  of  water  into  steam,  will  always  require  the  same  quantity  of  fuel,  applied 
under  equal  circumstances,  whatever  may  be  the  density  of  the  steam  which  is  produced. 
So  fSur,  indeed,  from  tending  to  economize  fuel,  it  seems  probable  that  the  higher  the 
temperature  of  the  water  in  the  boiler,  the  greater  will  be  the  loss  of  heat  by  the  escape 
of  hot  air  through  the  chimney.  Nevertheless,  there  are  certain  cases  in  which  high- 
pressure  steam  may  be  applied  with  great  advantage  to  various  manufacturing  pro- 
cesses, as  a  means  of  communicating  heat,  when  the  temperature  is  required  to  exceed 
212«  Fah. 

A  remarkable  fact  has  been  observed  respecting  steam  of  great  elasticity,  viz,,  that 
when  suffered  to  escape  suddenly  from  a  cock  or  small  aperture  in  the  boiler,  the  hand 
may  be  held  close  to  the  orifice  from  which  the  steam  ii  issuing  violently,  without 
being  scalded  by  it,  though  every  one  knows  that  steam  of  ordinary  density  scalds 
severely  under  the  same  circumstances.  On  applying  a  thermometer  to  the  steam 
escaping  from  the  boiler,  its  temperature  is  found  to  be  considerably  reduced :  for 
instance,  steam,  which,  within  the  boiler,  was  at  290''  Fah.,  falls  suddenly  when  let 
out  to  160^  That  it  should  fall  to  212°  would  not  be  surprising,  since  that  is  the 
temperature  of  steam  under  the  ordinary  pressure  of  the  atmosphere ;  but  it  is  difficult 
to  conceive  why  it  should  descend  52°  below  212°.  Of  this  &ct,  Mr.  Ewart  has  given 
an  ingenious,  and,  it  appears  to  me,  a  satisfactory  explanation,  founded  on  the  results 
of  experiments,  which  he  has  described  in  the  '*  AnnaU  of  Philosophy"  for  April  1829. 
He  supposes  that  the  particles  of  elastic  fluids  have  a  tendency,  when  they  are  forced 
near  to  each  other,  to  fly  asunder,  not  only  to  their  original  distance,  but  beyond  it. 
To  illustrate  this,  let  us  suppose  two  equal  baUs  of  lead,  A  B,  to  be  connected  by  an 
elastic  steel  spring,  in  a  perfectly  neutral  state,  so  that  they  have  no  tendency  either  to 
collapse  or  expand.  Compress 
them  nearer  to  each  other,  as  C 
and  D,  and,  suddenly  setting 
them  at  liberty,  they  will  sepa- 
rate, not  merely  to  their  original 
distance,  but  beyond  it,  as  at  £ 
and  F.  Now,  if  we  suppose  A  B 
to  represent  two  atoms  of  steam, 
of  air,  or  of  any  elastic  fluid, 
compressed  as  C  D,  and  suddenly 
liberated,  they  will,  by  the  com- 
bined action  of  their  dasticity  and  momentum,  separate  to  £  F,  or  thereabouts*   Thus 
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high-pressure  steamy  on  suddenly  taking  off  all  pressure  beyond  that  of  the  atmosphere, 
is  converted  into  low-pressure  steam,  and  its  temperature  falls,  in  consequence  of  the 
law  which  connects  the  rarefaction  of  elastic  fluids  with  an  absorption  of  caloric.  It  is 
quite  in  accordance  with  this  theory  that  the  more  strongly  steam  is  compressed,  the 
more  dilated  and  the  colder  it  is  on  being  suddenly  released  from  pressure. 

XIY.  Conversion  oflAqmds  into  Vapours  under  strong  Pressure. — It  is  well  known 
that  by  means  of  a  Papin's  digester  we  are  enabled  to  raise  the  temperature  of  liquids 
considerably  above  the  points  at  which  they  boil  under  the  mean  pressure  of  the 
atmosphere ;  and  it  seemed  probable  that  the  internal  pressure,  augmenting  with  the 
temperature,  must  effectually  prevent  the  total  volatilization  of  the  liquid,  especially  if 
the  space,  left  above  the  liquid,  is  not  of  a  certain  extent.  But  provided  a  sufficient 
space  is  allowed  for  the  generated  vapour,  it  appeared  to  M.  Cagniard  de  la  Tour,  a 
necessary  consequence  that  there  should  be  a  limit  beyond  which  these  liquids  ought, 
notwithstanding  the  pressure,  to  be  completely  volatilized ;  and  to  verify  this  opionion 
he  was  led  to  make  some  interesting  experiments. 

A  strong  glass  tube,  containing  about  two-fifths  its  capacity  of  alcohol,  sp.  gr.  *837, 
being  carefally  heated,  the  alcohol  continued  to  expand,  till,  after  having  attained 
nearly  double  its  original  volume,  it  was  converted  into  vapour  so  transparent,  that 
the  tube  appeared  completely  empty.  Allowing  it  to  cool,  the  alcohol  was  again  con- 
densed into  a  liquid.  When  the  proportion  of  alcohol  to  the  capacity  of  the  tube  was 
increased,  the  consequence  was  the  bursting  of  the  tube.  Similar  results  were  obtained 
with  naphtha  and  ether,  the  latter  requiring  less  space  than  the  former  for  being  con- 
verted into  vapour  without  breaking  the  tube ;  and  naphtha  less  space  than  alcohol. 
No  difference  was  occasioned  by  the  presence  of  atmospheric  air  in  the  tubes,  or  its 
exclusion  from  them,  except  that  the  ebullition  of  the  liquid  was  then  much  more 
moderate. 

The  same  success  did  not  attend  the  first  attempt  to  convert  water  into  vapour  ; 
for  when  a  tube,  about  one-third  filled  with  water,  was  similarly  heated,  it  burst  with 
an  explosion.  The  inner  surface  of  the  glass  tube  appeared  also  to  have  been  acted 
upon,  its  transparency  being  impaired. 

M.  de  la  Tour  afterwards  determined  the  densities  of  these  vapours,  by  means  of  a 
gauge  which  measured  the  bulk  of  a  confined  portion  of  air,  subjected,  through  the 
intervention  of  a  column  of  quicksilver,  to  the  pressure  of  the  generated  vapour. 
Alcohol  converted  into  vapour,  and  occupying  a  space  a  little  exceediag  three  times  the 
volume  of  the  original  liquid,  he  found  to  exert  a  pressure  =  119  atmospheres,  and  to 
require  a  temperature  of  404*6°  Fah.  Ether,  under  the  same  circumstances,  required 
a  temperature  of  369"  Fah.,  and  the  force  of  its  vapour  was  equivalent  to  37  or  38 
atmospheres;  bisulp^uret  of  carbon  required  527**  Fah.,  and  the  pressure  of  its 
vapour  was  equal  to  78  atmospheres.  Water,  to  which  a  minute  quantity  of  carbonate 
of  soda  had  been  added,  ceased  to  act  upon  glass  tubes ;  and,  though  several  tubes 
were  broken,  it  was  ascertained  that  water  itself  may  be  converted  into  vapour,  pro- 
vided the  vacant  spaoe  exceed  ite  volume  about  four  times.* 

XY.  TKe  evaporation  of  water  is  carried  on  much  more  rapidfy  under  a  diminished 
pressure^  espeeialfy  if  the  vapour,  which  is  formed,  be  condensed  as  soon  as  it  is  prodmed, 
so  as  to  maintain  the  vacuum^ 

On  this  principle  depends  Mr.  Leslie's  iagenious  mode  of  freezing  water,  in  an 
atmosphere  of  any  common  temperature,  byprodneing  a  rapid  evaporation  from  the 
•  "  Ann.  de  Chim.  et  d«  Phys./'  xxi.  127, 178 ;  xxli.  410 ;  or  *^  Ann.  of  Philos.,**  v.  S90. 
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surface  of  the  water  itself.  The  water  to  be  congealed  is  containjed  in  a  shallow  yessel, 
which  is  supported  above  another  yessel  containing  strong  sulphuric  acid,  or  dry 
muriate  of  lime,  or  even  dried  garden  mould  or  parched  oatmeal.  Any  substance, 
indeed,  that  powerfully  attracts  moisture  may  be  applied  to  this  purpose.  The  whde 
is  covered  by  the  receiver  of  an  air-pump,  which  is  rapidly  exhausted ;  and,  as  soon  as 
this  i&  effected,  crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable  quantity 
of  air  makes  its  escape,  after  which  the  whole  of  the  water  becomes  solid.  The 
rarefaction  required  is  to  about  100  times ;  but  to  suf^ort  congelation,  after  it  haa 
taken  place,  20.  or  even  10  times  are  sufficient.  The  sulphuric  acid  becomes  very 
warm ;  and  it  is  remarkable,  that  if  the  vacuum  be  kept  up,  the  ice  itself  evaporates. 
In  five  or  six  days,  ice  of  an  inch  in  thickness  will  entirely  disappear.  The  acid 
continues  to  act  till  it  has  absorbed  an  equal  volume  of  water. 

An  elegant  manner  of  makii^  the  experiment 
is  to  cover  the  vessel  of  water  with  a  plate  of  metal 
or  glass,  fixed  to  the  end  of  a  sliding  wire,  which 
must  pass  through  the  neck  of  the  receiver,  and 
be,  at  the  same  time,  air-tight,  and  capable  of 
being  drawn  upwards.  (See  the  annexed  figure.) 
The  receiver  being  exhausted,  the  water  wiH  con- 
tinue fluid,  till  the  cover  is  removed,  when,  in 
less  than  five  minutes,  needle-shaped  crysti^  of  ice 
will  shoot  through  it,  and  the  whole  will  soon 
become  frozen.  If  this  should  not  ha^^en,  a  slight 
but  smart  blow,  given  to  the  air-pump,  will  often 
occasion  immediate  congelation. 

In  this  interesting  process,  if  it  were  not  for  the 
sulphuric  acid,  an  atmosphere  of  aqueous  vapour 
would  fill  the  receiver ;  and  this>  i»:es3ing  on  the 
surface  of  the  water,  would  prevent  the  further 
production  of  vapour.  But  the  steam  which  rises, 
being  condensed  the  moment  it  is  formed,  the 
evaporation  goes  on  very  rapidly,  and  has  no  limits 
but  the  quantity  of  the  water,  and  the  diminished  concentration  of  the  acid.* 

It  is  on  the  same  principle  that  the  instrument  invented  by  Dr.  WoUaston,  and 
termed  by  him  the  Cryophorusy  or  Frosi-bMriTy  is  founded.  It  may  be  f<n:med  by 
taking  a  glass  tube,  having  an 
internal  diameter  of  about 
^th  of  an  inch,  the  tube  being 
bent  to  a.  right  angle,  at  the 
distance  of  h^  an  inch  from 
each  ball,  thus ; 

,  One  of  these  balls  should  be  about  half  fiUed  with  water,  and  the  other  ^uld  be  ts 
perfect  a  vacuum  as  can  readily  be  obtained,  th«  mode  of  effeetiiig  which  is  well  known 
to  those  acemtomed  to  blow  gkss.  One  of  the  balls  is  made  to  terminate  in  a  ccpillary 
tube ;  and  when  the  water  in  the  other  ball  has  been  boiled  OTear  a  lamp  a  ooaaiderabk 
timO)  till  all  the  air  Is  expelled,  the  cai^iUary  caitveiwit^,  threo^  Irhidi  the  steaai  is 

•  ThemosteoayletcacMimtof  tkHMWHiocki  of  firteilBfr  Is  te  le  ftmsA  ia  the  StrppteueBt  to 
the  "  Encycl.  Brit.,"  Art.  Cow. 
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still  issumg  with  violence,  is  held  in  the  flftme  of  the  lamp,  till  the  force  of  the  yapoor 
is  BO  far  reduced  that  the  heat  of  the  flame  has  power  to  seal  it  hermetically. 

When  an  instmment  of  this  kind  is  well  prepared,  if  the  empty  hall  he  immersed 
in  a  mixture  of  snow  and  salt,  the  water  in  the  other  hall, 
though  at  the  distance  of  two  or  three  feet,  will  he  frozen 
solid  in  the  course  of  a  very  few  minutes.  The  experi- 
ment may  he  rendered  still  more  striking,  if  performed 
according  to  I)r«  Marcet's  modification  of  it:  the  empty 
(lower)  ball,  covered  with  a  little  moist  flannel,  is  to  ho 
suspended,  in  the  manner  shown  by  the  annexed  sketch, 
within  a  receiver,  over  a  shallow  vessel  of  strong  sul- 
phuric acid,  and  the  receive  is  then  to  be  exhausted.  In 
both  cases,  the  vapour  present  in  the  empty  ball  is  con- 
densed by  the  operation  of  cold ;  and  the  vacuum,  produced 
by  this  condensation,  gives  opportunity  for  a  fresh  quantity 
to  srise  from  the  opposite  ball,  with  a  proporticmal  redootioB 
of  the  temperature  of  its  conte^its. 

An  ingenious  application  of  the  fact  that  evaporation 
takes  place  m  vaeuo,  at  a  lower  temperature  than  under 
common  pressures,  was  made  by  the  late  Mr.  Edward  Howard,  to  the  concen- 
tration of  syrup  in  the  process  of  refining  sugar.  The  syrup,  in  his  method,  is 
inclosed  in  an  air-tight  vessel,  from  which  the  atmospheric  air  is  extracted 
mechanically  by  a  pump,  and  the  evE^^oratipn,  therefore,  goes  on  at  a  low  degree 
of  heat,  which  secures  the  syrup  from  injury.*  Mr.  J.  J.  Ban-y  obtains  a  vacuum 
in  a  cheaper  and  easier  manner,  by  the  condensation  of  steam,  applied  in  a  way  which 
would  not  be  understood  without  a  plate,  and  of  which  it  may  be  sufficient  to  say  that 
he  can  maintain,  in  the  liquid  to  be  evaporated,  a  steady  temperature  of  from  90°  to 
100""  Fah.  Mr.  Barry's  process  is  peculiarly  adapted  to  the  preparation  of  medicinal 
extracts,  the  active  portion  of  which  is  liable  to  be  decomposed  at  a  heat  considerably 
below  tihat  of  boiling  water,  f 

The  large  quantity  of  caloric,  latent  in  steam,  renders  its  appKcation  extremely 
useful  for  practical  purposes.  Thus,  water  may  be  heated,  at  a  considerable  distance 
from  the  source  of  heat,  by  lengthening  the  conducting  pipe  e.  (See  page  163.)  This 
furnishes  us  with  a  commodious  method  of  warming  the  water  of  baths,  which,  in 
certain  eases  of  disease,  it  is  of  importance  to  have  near  the  patient's  bed-room ;  for  the 
boiler,  in  which  the  water  is  heated,  may  thus  be  placed  on  the  ground-floor,  or  in  the 
cellar  of  a  house,  and  the  steam  conveyed  by  pipes  into  an  upper  apartment.  Steam 
may  also  be  applied  to  the  purpose  of  heating  or  evaporating  water,  by  a  modification 
of  the  apparatus.  An  apparatus  may  be  made  for  boiling  water  by  the  condensation 
of  steam,  witliout  adding  to  its  quantity,  a  circumstance  occasionally  of  considerable 
importanee.  The  steam  is  received  between  the  vessel  which  contaius  the  water 
to  1m  faeotvd]  and  an  exterior  case ;  it  imparts  its  caloric  te  the  water  through  the 
lobstanoe  of  the  vessel ;  is  thus  condensed,  and  returns  to  the  boiler  by  the  per- 
pendiealar  pipe.  An*  alteration  of  the  form  of  the  vessels  adapts  it  to  evaporation. 
This  method  of  «vaporatiofn  is  admirably  suited  to  the  concentration  of  liquids  that  are 
deeooipOBedy  or  injuxed,  by  a  higiKr  temperailure  than  that  of  boiling  wator^  aiich  as 
•  ««R<pwtOTyef  Afts,"  flafiesTw*,  Toh.  XXm.  sadXXY. 
t  See  "  Tranaact  of  the  Medioo-Cliinirg.  Soo.  of  London,"  Vol.  X. 
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medicinal  extracts  ;  to  the  drying  of  precipitates,  &c.  In  the  employment  of  either  of 
these  vessels,  it  is  expedient  to  surround  it  with  some  slow  conductor  of  heat.  On  a 
small  scale,  a  few  folds  of  woollen  cloth  are  sufficient ;  and,  when  the  vessel  is  con- 
structed of  a  large  size  for  practical  use,  this  purpose  is  served  hy  the  brickwork  in 
which  it  is  placed. 

Caloric  the  Cause  of  Peimanently  Elaatic  Flnidity— Geneva!  Pro- 
perties of  Oases. — From  the  facts  which  have  been  detailed  in  the  last  section,  it 
appears  that  in  vapours,  strictly  so  called,  such  as  the  steam  of  water,  caloric  is  retained 
with  but  little  force ;  for  it  quits  the  water  when  the  vapour  is  merely  exposed  to  a  lower 
temperature.  But,  in  permanently  elastic  fluids,  caloric  is  held  very  forcibly,  and  no 
diminution  of  temperature  that  has  ever  yet  been  effected  can  separate  it  from  some  of 
them.  Thus  the  air  of  our  atmosphere,  in  the  most  intense  artificial  or  natural  cold, 
still  continues  in  the  aeriform  state.  Hence  is  derived  one  character  of  gases,  viz.,  that 
they  remain  aeriform  under  almost  all  variations  of  pressure  and  temperature,  and  in 
this  class  are  also  included  those  aerial  bodies  which,  being  immediately  condensed  by 
contact  with  water,  require  confinement  over  mercury.  The  following  experiment  wiU 
show  that  the  caloric  contained  in  gases  is  chemically  combined,  or  at  least  that  it  is 
inappreciable  by  the  thermometer. 

Into  a  small  retort  (see  annexed  cut,  b)  put  an  ounce  or  two  of  well-dried  common 
salt,  and  about  half  its  weight  of  sulphuric  acid.  By  this  process,  a  great  quantity  of 
gas  is  produced,  which  might  be  received  and  collected  over  mercury.  But,  to  serve  the 
purpose  of  this  experiment,  let  it  pass  through  a  glass  balloon,  e,  having  three  openings, 
into  one  of  which  the  neck  of  the  retort  passes,  while  from  the  other  a  tube,  e,  proceeds, 

which  ends  in  a  vessel 
of  water,  /,  of  the  tem- 
perature of  the  atmo- 
sphere. Before  closing 
Ithe  apparatus,  let  a 
thermometer,  d,  be  in- 
cludedin  the  balloon,  to 
show  the  temperature 

)of  the  gas.    It  will  be 
foTind  that  the  mercury, 
in   this   thermometer, 
will  rise  only  a  few 
^  degrees,    whereas   the 
water,   in   the   vessel 
which  receives  the  bent 
tube,  will  soon  become 
almost  boiling  hot.   In 
this    instance    caloric 
flows  from  the  lamp  to 
the  muriatio  acid,  and 
converts  it  into  gas; 
but  the  heat,  thus  expended,  is  not  indicated  by  the  thermometer.     The  caloric, 
however,  is  again  evolved,  when  the  gas  is  condensed  by  w;ater.    In  this  experiment 
we  trace  caloric  into  a  latent  state,  and  again  into  the  state  of  free  or  uncombined 
caloric. 
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For  demonstrating  the  influence  of  variations  of  atmospheric  pressure  on  the 
formation  of  gases,  better  experiments  cannot  be  devised  than  those  of  Lavoisier.*  But 
as  soihe  students,  who  have  the  use  of  an  air-pump,  may  not  possess  the  apparatus 
described  by  Lavoisier  (the  glass  bell  and  sliding  wire),  it  may  be  proper  to  point  out 
an  easier  mode  of  showing  the  same  fax^.  This  proof  is  furnished  by  the  experiment 
already  described,  in  which  sulphuric  ether  is  made  to  assume  alternately  an  aeriform 
and  Hquid  state,  by  removing  and  restoring  the  pressure  of  the  atmosphere. 

Influence  of  AtBiospheric  Pvessiize. — It  was  long  ago  suggested  by 
Mr.  Daltonf  that  all  gases  are  convertible  into  liquids.  *^  There  can  scarcely," 
he  observes,  *'  be  a  doubt  entertained  respecting  the  reducibility  of  all  elastic 
fluids,  of  whatever  kind,  into  liquids ;  and  we  ought  not  to  despair  of  effecting 
it  in  low  temperatures,  and  by  strong  pressure  exerted  upon  the  unmixed  gases." 
It  fortunately  occurred  to  Mr.  Faraday  that  the  most  probable  means  of  exhibit- 
ing gases  (or  rather  what,  under  ordinary  circumstances,  would  be  such)  in  the 
liquid  state,  would  be  to  generate  them  imder  strong  pressure ;  and  his  experiments 
have  confirmed  this  sagacious  conjecture.  When  thus  produced  in  strong  glass  tubes, 
they  continued  liquid  at  low  temperatures,  while  the  pressure  was  kept  up,  but,  on 
removing  the  pressure,  instantly  passed  into  the  gaseous  state.  Some  of  them  evinced 
so  strong  a  tendency  to  become  permanently  elastic,  that  the  tubes  containing  them 
exploded  spontaneously,  with  great  violence,  by  a  slight  increase  of  the  temperature  of 
the  atmosphere.  The  gases  liquefied  by  Faraday  in  1823  were  chlorine,  euchlorine, 
sulphureted  hydrogen,  nitrous  oxide,  cyanogen,  ammonia,  and  hydrochloric,  sulphurous, 
and  carbonic  acids.  The  last-mentioned  fluid  required  for  its  confinement  much 
stronger  tubes  than  any  of  the  others,  and  produced  the  most  violent  and  dangerous 
explosions.:t 

Subsequently  to  Faraday's  experiments,  in  the  year  1823,  this  philosopher  and 
others  have  resumed  the  endeavour  to  reduce  gases  to  a  denser  cohesive  state,  and  with 
the  most  interesting  results.  Not  only  has  the  number  of  liquefiable  gases  been 
extended  to  comprehend  all  except  oxygen,  hydrogen,  nitrogen,  nitric  oxide,  and  coal 
gas,  but  nine  gases  have  been  solidified ;  they  are — 

Hydriodic  acid.  Oxide  of  chlorine. 

Hydrobromic  acid.  Cyanogen. 

Sulphurous  acid.  Ammonia. 

Sulphureted  hydrogen.  Nitrous  oxide. 
Carbonic  acid. 

The  preceding  results  warrant  the  assumption  that  all  gases  might  be  solidified, 
under  a  sufficient  deprivation  of  heat ;  consequently  the  generalization  of  a  permanently 
elastic  fluid,  as  applied  to  a  gas,  is  no  longer  tenable.  It  follows,  moreover,  that, 
inasmuch  as  gases  evolve  latent  heat  on  becoming  fluids,  and  fluids  evolve  another 
portion  of  latent  heat  on  becoming  solids,  that  solidified  gases  of  all  substances  must 
absorb  the  largest  amount  of  heat  on  assuming  their  original  gaseous  state.  The  first 
gaseous  body  ever  soHdifled  was  carbonic  acid.  The  interesting  result  was  accom- 
plished by  M.  Thilorier. 

In  this  place  I  shall  confine  myself  to  an  indication  of  the  principles  involved.  M. 
Thilorier  accomplished  the  solidification  of  liquid  carbonic  acid  by  exposing  it  to  the 
cooling  agency  of  its  own  evaporation.  When  produced,  the  solidified  carbonic  acid  in 
»  See  hi8  "  Elements,**  chap.  i.  t  "  Manoh.  See.  Mcm.,»*  v.  550.  t  " PWl.  Trans.,"  1828. 
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its  turn  becomes  the  most  powerful  agent  known  to  chemists  foor  loweiing  the  tem- 
pentuie  of  bodies ;  the  method  of  using  it  witii  greatest  adymti^ge  consistiiig  in 
mixing  it  with  ether,  and  forming  a  bath.  It  was  by  the  employment  of  thispowerfvl 
cooling  agent.  Hinder  the  exhausted  receiTer  of  an  air-pump,  and  in  ccmibination  with 
great  pressure,  that  Faraday,  in  1845,  made  such  impovtant  addxtions  to  the  list  of 
gases  (wigin&Uy  condensed  by  him  in  1823.* 

The  pressure  was  effected  by  means  ol  two  force-pomps  acting  in  siiceessieD ;  the 
first  haring  a  piston  of  an  inch  in  diameter,  the  second  only  half  an  iaeh.  By  the 
first  a  pressure  of  about  twenty  atmospheres-  was  produced;  by  the  second  this 
pressure  was  increased  to  move  than  fifty  atmoiqiheres.  The  tube?  used  in  these 
expeiimente  were  of  green  bottle-glass,  from  one-sixl^  to  oae-fovrth  of  an  inel^  in 
external  diameter.  Three  distinct  agenucies  wiU  be  reeogniaed  as  oontiibuting'  to  the 
gneral  result :  (1),  the  direct  eooling^  agency  of  the  carbonic  add  bath ;  (2)^  the 
increased  cooling  agency  of  the  same  under  tile  exhausted  receiYer;  (8],  the  farce  ol 
pnssnre  exercised  on  the  gasL 

The  thzee  tables  appended  are  taken  from  Omdin's  ^  Haadboeh,"  and  reprasentthe 
tbermometrie  degree  of  certain  melting  and  boiliDg  points.  It  may  be  weU  to  obserre 
that  the  meltimg  pointof  a  aoHd  is  the  freezing  cr  solidifying  point  of  its  coirespondiag 
liqasd.  Thns  32^  F.  is  the  freeaing^  point  of  water,  ae  well  as  the  melting  pemt 
of  ioe. 

In  the  second  table  degrees  oi  heat  are  saaBsetimes  represented  by  the  scale-  of 
PeoielFs  and  Wedgwood's  pynmieter.  The  latter  is  a  ysot^ uncertain  instrument,  sfod 
its  raam&stations  cannot  be  relied  vipon.  Wedgwood  himself  eatinxated  the  fint  degree 
on  hia  inalTument  as  '=  598°  C,  and  eaeh  degree  to  72°  0. ;  Guyton  Morreeu  estimated 
the  first  degree  at  270°  C,  and  each  degree  to  only  34°  C.  Connection  between  the 
scales  oi  Saidell's  pyrometer  is  effected  by  graduating  the  uistrument  ficom  llie  fixed 
point  of  the  boiling  of  mo-eury  =:  662°  F.  Tkue,  knowing  tiie  amount  <^  Hnear  eiqun- 
sion  firom  any  lower  degree  up  to  this  point,  and  considering  all  further  expansire 
increments  or  decrements  aa  pcoportionaly  a  ae&Ie  is  formed. 


MPiLTING  POINTS. 

Centigrade. 

FaHreidieit. 

Carbonie  adwf    . 

—    65» 

—    85» 

Ether    . 

—    44 

—    47-2 

Mercury 

—    40-5 

— .   40-9 

Oilofyitriol     . 

—   25 

—  la 

Bromine 

—   20 

—     4. 

Hydrocyanic  acid 

.        —    15. 

+      5 

Water 

0' 

+    32 

Phosphorus 

+    45       , 

+  iia 

Potassium 

+    58 

.    +•  136-4 

Wax     . 

Hr    67 

.    +152-6 

Sodiimi 

+    90 

+  194 

Iodine  . 

+  107 

.    +  224-6 

Sulphur            •           • 

+  109 

.    +228-2 

+  175^ 

+  347 

•  uphu.  XesmV*'1B46»  L  mi  ov  «T%iL  Hag.,**  L  36^  !»S. 
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Gnyton  Morrean 
("AdU.Chln./'9»,as$). 

Wedgrw-ood  and  Dalton 
"N.Syit.,"l,«4). 

Daniell. 

Schwartz. 

Sndberg. 

Cent. 

Wedgwood. 

Cent. 

Wedgwood. 

Cent. 

Danien. 

Cent. 

Gent. 

Bismuth  .... 
Tin 

w  :,  *  .  .  . 

Zinc 

MiUmm   .  .  . 

Brut  .   •   ^   .    . 
SUver 

Sir. : : : : 

CoWt 

White  Cast  Iron    . 
Gray        do* 
Steel    

Bar  Iron.    !    '.    .. 
Nickel  FTsctvoxou  V 
IridipmBlMdi«»( 
Quartz.  ....    ; 

•247- 
2«7 
312 
374 
5)3 

,    1094 

J    MO? 

1391 

4783 

M2» 
6346 

alwfo 

3 
7 

22 
27 
32 

130 

MO 
17* 

il7* 

247 
24^ 
322 
371 
432 

28 
27 
32 
130 

160 

239 
227 
321 
342 

1021 
1223 
1398 
1421 

1915 

66 
6» 
87 
94 

267 
319 
364 

370 

497 

260 
32a 
340 
500 

6aa 

Po»met 
1000 

1200 

llCO 
1210 

136a 
155a 

264 
228 

325 

Snlplnmmff  acf d 
Sydiochlorfc  etier 
Nitric  ether 
^  Hydrocyanic  acicf 
Sulphtiric  ether 
l^td^hxiret  of  carhon 
Bromine 
Alcohol 
Bodb  oit' 
If  ater  . 

OHof  turpentiiie 
Iodine  . 
Camphor 
on  of  vitriol 
Phosphorus 
Stdphur 
Mercury 
Selenium  (nearly) 


+  12     ; 

+  5^1 
+  26-5^ 
-f  55-66 

+  47 

+  78-^t 
+  66-5 
+  100 
+  157 
+  180 
+  284 
+  288 
+  250 
+  29a 
+  3^ 
+  700^ 


+ 
+ 
+ 
+ 
+ 


H^'fah. 

6^8 

79-7 

96-19 
+  115-82 
+  116-6 
+  173-14 
+  149^9 
+  212- 
+  ai4-6 
+      3-56 
+  543-2 
+  560'4 
+  482* 
+  559*4 
+  672-8 
+1292- 


0£  ChuMS  imAeK  FfMMnii«.--*(}a8es^  when  oDicd  foirmed,  under^-  a  oomidevable 
change  of  hulk  by  Taristioiia  of  exteenal  pvesaore.  The  geoetal  law,  fiisiy  Ibeiieye,  estab^i 
Ushed  on  this  subject  by  Mariotte,  is,  that  the  vohm$  o/g^usa  ii  mverssly  as  Me  comprM* 
sing,  force.  J£y  far  example^  we  have  a.  quantity  of  gas,  oeeoffpng,  nadeF  the  common 
presfuve  ef  the  atmosphere,  60  cubio  inches,  it  will  fill  the  ^ce  ofjmly  30  [cubic 
inches,  or  one  half,  under  a  double  pressure ;  of  20  inches,  or  one  third,  uader  a  tsLpIa 
prossQxe  'r  of  15  inehesy  or  one  firarth,  under  foiir  timeB  the  ^ressura;  and  so  on. 

These  result^  s»fav  as  respects  the  more  permanent  gases,,  have  ]been  coafiimed  by 
Oersted,*  who  carried  the  compression  of  air  as  far  as  110  atmospheres.  But  with 
♦  "  Quarterly  Journal,"  xxii.,  198. 
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respect  to  some  of  the  more  easily  liquefiable  gases,  Despretz  has  found  that  they 
deviate  sensibly  from  Mariotte's  law.  This  is  the  case  with  sulphureted  hydrogen, 
sulphurous  acid,  cyanogen,  and  ammonia,  even  when  completely  deprived  of  hygro- 
metric  moisture.* 

The  law  of  the  dHatabiiity  of  gases  hy  heat  has  already  been  stated  to  be  an 
enlargement  of  about  T^th  part  of  their  bulk  for  each  degree  of  Fahrenheit's 
scale,  between  the  freezing  and  boiling  points  of  water.  It  is,  however,  necessary 
that  the  gases  submitted  to  experiment  should  be  perfectly  deprived  of  aqueous 
vapour.  These  expansions,  it  has  been  shown  by  Sir  H.  Davy,  continue  exactly 
the  same  in  dry,  compressed  air,  at  temperatures  between  32°  and  212°,  and  also  in 
air  confined  by  columns  of  quicksilver,  whether  the  'air  was  j,  ^,  or  ^  of  its  natural 
density.f 

AU  gases  exhibit  a  reduction  of  their  temperature  hy  mechanical  rarefactiotiy  and  an 
evolution  of  heat  by  condensation  of  their  volume.    It  had  long  been  known  that,  if  a 
thermometer  be  inclosed  in  a  receiver,  and  the  air  be  suddenly  condensed,  the  ther- 
mometer rises,  and,  if  the  air  be  rapidly  exhausted,  it  falls ;  but  in  each  case  only  a 
few  degrees  above  or  below  the  temperature  of  the  atmosphere.    Mr.  Dalton,  struck 
with  the  suddenness  of  the  rise  or  fall,  was  the  first  to  suspect  that  the  change  of  tem- 
perature is,  in  each  case,  much  greater  than  is  indicated  by  the  mercurial  thermometer. 
He  contrived,  therefore,  a  very  simple  and  beautiful  method  of  determining  the  real 
amount  of  the  change.    With  this  view,  he  took  a  large  receiver,  and  inclosed  in  it  a 
graduated  tube,  one-fifteenth  of  an  inch  diameter,  bent  siphonwise 
^      as  in  the  figure,  sealed  at  the  end  by  and  open  at  the  extremity,  a. 
Within  the  tube  was  a  short  column  of  mercury,  <?,  the  rise  or  fsdl  of 
which,  by  any  change  of  elasticity  of  the  air  in  the  tube,  or  in  the 
c      receiver,  rendered  it  a  proper  manometer^  or  measurer  of  rarefaction. 
He  next  doubled  the  density  of  the  air  in  the  receiver,  and  of  course 
the  mercurial  column  was  forced  down  till  thelEur  in  the  closed  part 
of  the  siphon  occupied  only  half  its  original  bulk.    Then,  suddenly 
opening  the  cock  attached  to  the  receiver,  the  mercurial  column  ran 
up  quickly  to  its  former  station.     At  this  moment  the  cock  was 
suddenly  shut,  which  caused  the  mercurial  column  again  to  fall 
down  gradually  for  five  or  ten  seconds,  to  the  amount  nearly  of  one- 
tenth  of  the  column  of  air  included  in  the  manometer,  when  it 
became  stationary.     Once  more  opening  the  cock,  air  rushed  out  of 
the  receiver,  and  the  mercury  regained  its  position  at  <;. 

When  the  experiment  was  reversed,  by  exhausting  a  receiver,  under  which  the 
same  manometer  was  placed,  with  the  mercurial  column  stationed  at  the  commence- 
ment at  dy  the  phenomena  took  place  in  a  reversed  order.  At  first  the  mercury  rose  to 
e;  on  opening  the  cock  it  fell  to  <f ;  on  shutting,  it  retrograded  towards  c;  and,  on 
again  opening  the  cock,  established  itself  at  d. 

These  facts,  which,  though  observed  only  with  respect  to  atmospheric  air,  would, 
no  doubt,  take  place  with  some  variation  in  all  gases,  are  explained  by  Mr.  Dalton  in 
the  following  manner  :— 

The  air  in  the  receiver,  and  that  in  the  manometer,  are  subject  to  a  like  degree 
of  condensation  or  rarefsuition,  or  very  nearly  so.    When  the  equilibrium  of  heat 

•  «« Amu  de  Chim.  et  de  Phys."  xxxiv.,  335, 443.  +  «« PhU.  Trans.,"  1823,  p.  204. 
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is  disturbed  by  condensing  or  expanding  the  air,  it  is  restored  in  that  within  the 
manoineter  instantly,  by  reason  of  the  extensive  surface  of  glass  to  which  that  air 
is  exposed.  But,  in  the  large  receiver,  a  sensible  time,  of  ten  seconds  or  more,  is 
required  to  restore  the  equilibrixun  through  its  whole  capacity.  It  is  this  restoration 
that  increases  or  diminishes  the  elasticity  of  the  air  in  the  receiver,  and  thereby  causes 
the  mercarial  column  to  retrograde.  Now  it  is  ascertained  that,  to  contract  or  expand 
a  portion  of  air  by  one-tenth  of  its  volume,  a  change  of  temperature  equal  to  50°  Fah. 
is  required.  It  follows,  therefore,  that  in  the  case  of  restoring  the  equilibrium  of 
condensed  air,  about  50°  of  cold  are  produced ;  and  in  letting  air  into  an  exhausted 
receiver,  60°  of  heat  are  evolved.  The  phenomena,  Mr.  Dalton  ascertained,  are  inde- 
pendent of  aqueous  vapour,  and  are  more  remarkable  in  dry  than  in  humid  air.  They 
depend  on  the  diminished  capacity  of  air  for  heat  by  condensation,  and  its  in- 
creased capacity  by  rarefaction,  and  are  common  to  all  gases ;  but,  as  will  appear 
when  we  come  to  speak  of  the  specific  heat,  vary;  as  to  their  extent,  in  different 


When  air  (and  no  doubt  any  other  gas)  is  suddenly  and  forcibly  compressed, 
in  a  syringe  for  instance,  the  quantity  of  calorie  liberated  by  the  first  stroke  of 
the  piston  is  sufficient  to  set  fire  to  a  piece  of  the  tinder  called  amadou.  This 
fact  has  been  appHed  to  the  construction  of  a  portable  instrument  for  lighting  a 
candle,  consisting  of  a  common  syringe,  at  the  bottom  of  which  is  a  small  chamber 
for  containing  the  tinder.  A  flash  of  light  is  also  perceptible  in  an  instrument 
adapted  for  showing  it  by  means  of  a  glass  bottom,  at  the  moment  of  con- 
densation.* 

All  gases,  by  contact  with  water,  become  mingled  with  aqueous  vapour,  the  propor- 
tion of  which  is  regulated  by  the  temperature  and  pressure  to  which  the  gases  are 
subjected;  but,  those  circumstances  being  equal,  the  proportion  of  aqueous  vapour  is 
the  same  in  every  gas.  This  moisture  may  be  absorbed  from  gases  by  substances 
that  strongly  attract  water,  such  as  quicklime,  chloride  of  calcium  which  has  been 
recently  fused,  sulphuric  acid,  &c. ;  but  to  effect  this  it  is  necessary  that  the  gas 
should  be  confined,  and  in  contact  with  the  absorbent  substance,  over  well-dried 
mercury. 

When  a  glass  vessel,  containing  any  gas  not  artificially  deprived  of  its  mois- 
ture, is  'cooled  below  the  temperature]  of  the  atmosphere,  moisture  is  condensed  in 
small  drops,  or  if  a  freezing  mixture  be  applied,  in  the  form  of  ar  thin  film  of  ice,  on  the 
inner  surface  of  the  vessel.  The  steam  present  in  gas  is  also  rendered  visible  by 
suddenly  expanding  or  suddenly  condensing  their  volume.  In  the  first  case,  the^reduc- 
tion  of  temperature  which  takes  place,  amounting,  as  has  been  shown,  to  50°  Fah.,  robs 
the  aqueous  vapour  of  its  constituent  heat.  In  the  second,  the  diminution  of  space, 
essential  to  the  existence  of  vapour,  causes  the  precipitation  of  water,  notwithstanding 
the  temperature  evolved  by  condensing  the  air. 

When  a  body,  heated  to  a  certain  point,  is  placed  in  different  gases,  under  circum* 

stances  otherwise  similar,  it  is-  found  to  cool  with  very  different  velocities ;  in  otlier 

words,  the  power  of  elastic  fluids  to  conduct  heat  differs  for  different  gases.    Dr.  Priestley 

appears  to  have  been  quite  aware  of  this ;  Mr.  Dalton  has  given  a  series  of  experiments 

on  this  subject ;  and  Sir  H.  Davy,  having  raised  the  same  thermometer  to  the  same 

temperature,  160°  Fah.,  exposed  it  to  equal  volumes  (21  cubic  inches)  of  the  following 

gases  at  52°  Fah. 

•  "Phil.  Mag.*'  vols,  xiv.,  xxxi.  and  xl. 
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"Mln-  SflQ* 

Aianosphe^c  air      ..20 

Oxygen  , 

Ej^Q^m      ,.,04^ 

Nitrous  oxide  . 

Ol&Smtm   .       »       ,       I    X5 

Carbonic  aoid . 

Cofllgfl^         ,       .     -.       0    55 

CUonne , 

A«ote     ,        ,        .        .  '      1    30 

Min,  Bee. 

1  47 

2  30 

2  45 

3  6 


It  appeian  fi:oQL  ibis  table  tbat  the  powers  of  elastic  Huids  to  abajract  or  oonduct 
Away  beat  firow  aoUd  snrlaceis  in  in  some  inYerse  ratio  to  tbeir  density.  Tbe  nature  of 
.  the  smi^ce  of  tbe  bot  body,  it  baa  been  sbovn  by  Dulong  and  Petit,  does  not  a&ot  ike 
conductisig  power  of  gaseous  bodies ;  but  the  state  of  the  gaaes  themnelyes,  as  to 
.  moiiture  or  dryness,  baa  a  oonaiderable  in^iience ;  for  moist  gases,  as  is  shown  by 
Count  Eumfbrd's  experiments,  conduct  heat  mucli  more  rapidly  than  diy  ones. 
Di£^rencee,  bowerer,  in  tbe  tpeeijlo  heats  of  gases  (if  such  dilEerences  really  exist)  must 
render  it  difficult  to  determine  how  much  of  the  effect  is  owing  to  that  cause,  and  how 
V^xjfik  to  a  real  di^rence  of  conducting  pow^, 

Specific  Oiavity  of  tb«  Oa^es.— before  dismissing  the  consideration  of  the 
gapes  in  general,  there  are  a  few  properties  which  it  may  be  proper  to  notice,  with  the 
yi^w  of  comparing  tbe  degree  in  which  they  belong  to  di^Eerent  indiyiduals  of  the  daas. 

Tbe  exact  8p$ei/U  gravity  of  the  different  gases  is  a  most  important  element  in 
oaJoulating  the  prq;K>rtion  of  the  ingredients  of  compounds  i^to  which  they  enter. 
I^othing,  indeed,  can  show  the  importance  of  this  object  more  strikingly  than  ihe  fact, 
that  on  the  precise  specific  gravities  of  hydrogen  and  oxygen  gases  depend  tbe  whole 
s^riea  of  numbers  whicb  are  used  to  express  tbe  weights  of  the  atoms  of  bodies  on  the 
Paltonian  theory.  Tbe  following  table  exhibits  tbe  specific  gravities  of  the  most 
important  bodies  of  this  class,  o^  the  awumption  tbat  100  cubic  inches  of  aianospberic 
air  weigb  30  grains  :-w* 

TABLE  OF  THE  S?E0IPI0  QB^YTTX:  OP  OASES. 
Barometer  30.    Thermometer  60°. 


Names  of  Gases. 

Speolfic 
Gravity. 

Weight  of 
100  cubic 
inches. 

Authorities. 

Atmospheric  air          .            . 

Ditto              .... 

Ditto              .           .           . 

iDitto  7r:  .... 

Pitto 

S1MPX.E  Ga8£9  Avn  Vapouhs. 
Oxygen          .... 
Ditto             .... 
Ditto 

1-0000 
10000 

11088 
Mill 
11026 

Grains. 

30-50 

80199 

31- 

91093 

3V096 

33-82 

33-888 

33-629 

Shuckburgli    ■ 

Brande 

Front  and  DaHon 

Biot  and  Arago 

Boussingault  fuadDomas 

Allen  and  Pepya 

Thomson 

Berzelius  and  Dulong 

*  Gay  LaesRo's  tabk,  wbioh  is  more  copious,  hut  in  which  tbe  nnmbars  are  not  r«duoed  to  a  intan 
of  the  barometer  and  thermometer,  is  copied  into  "  Thomson's  Annals,"  iz.  16 ;  a  table  by  Professor 
Meinecke  of  ^ane  is  inserted  in  the  "  Journal  of  Science,"  &c.,  iii.  415.  Dr.  Thomson's  elaborate 
I>aper  on  this  subject  is  printed  in  the  leth  volume  of  "Annals  of  Philosophy;"  and  Berzelius  and 
Dulong's  in  the  15th  volume  of  "  Annales  de  Chim.  et  de  Phys."  XSmelin's  **  Randbueh"  contains 
a  general  tabular  exposition  of  the  subject,  to  which  the  reader  who  requires  further  information 
is  referred.  At  the  present  time  it  is  generally  admitted  that  100  cubic  inches  of  atmo^eric  air 
weigh  something  more  than  31  grains— bow  much  more  is  not  yet  satisfactorily  made  out. 
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lito  ^  GaatB  amtimitd. 

NamM  of  Gaset. 

SiMeiflc 
gravily. 

Weight  of 
100  cubic 
inches. 

Anttorities. 

SlMPLB  GaSBS  and  TAPOUBa. 

Grains. 

CUorine         .            .           •            . 

2-5082 

76-500 

Davy 

Ditto 

2-5000 

76-250 

Thomson 

Iodine  (vapour) 

8-678 

244-679 

Gay  Lussac 

Ditto 

8-6111 

262-6308 

Thomson 

Hydrogen 

0-0694 

2116 

Ditto 

Ditto 

0-0688 

2-098 

Berzelius  and  Dubiig 

Nitrogen 

0-9722 

29-652 

Thomson 

Ditto 

09760 

29-768 

B^rzeUus  and  Dul<mg 
Gay  Lussac 

Carbon  (yapour) 

0-4166 

12-6083 

Sulphor  (ditto) 

11111 

33-888 

Thomson 

Phosphorus  (ditto) 

0-8333 

25-416 

Ditto 

CoMFouHD  GoMBinmBauB. 

Ammonia        .... 

0-6960 

18-18 

Allen  and  Pepys 

Ditto 

0-5902 

18-003 

Thomson 

Ditto               .           . 
Carbureted  hydrogen 

0-6912 
0-5555 

18-03 
16-944 

Beraelius  and  Dulong 
Thomson 

Ditto               .... 

0-6590 

17-049 

Berzelius  and  Dulong 

Olefisnt  gas 

0-9722 

29-662 

Thomson 

Ditto               .... 

0-9804 

29-90 

Beraelius  and  Dulong 
Thomson 

Phosphureted  hydrogen 

0-9027 

27-537 

Bi-hTdrognret  of  phosphorus . 
Sulphuretod  hydrogen 
Bi-sulphuret  of  carb(Mi  (yapour) 

0-9722 
1-1805 

29-652 
36007 

Ditto 
Ditto 

2-6388 

80-486 

Ditto 

Arsenureted  hydrogen 

0-5290 

16-130 

Tromsdorff 

Cyanogen        .... 

1-8056 

56069 

Gay  Lussac 

Ditto               .... 

1-8188 

66-473 

Berzelius  and  Dulong 

Ether  sulphuric  (vapour) 
hydrochloric  (ditto) 

2-5808 

78-714 

Ditto 

2-2190 

67-679 

Thomson 

hydriodic  (ditto)      .      . 

chloric  (ditto)    . 

5-4750 

166-987 

Ditto 

3-4760 

106-257 

Ditto 

Alcohol  (ditto) 

1-6004 

48-812 

Berzelius  and  Dulong 
Gay  Lussac 

Turpentine,  oU  of  (ditto) 

50130 

162-896 

OXEDBS. 

Aqueous  vapour 

0-6250 

19-062 

Ditto 

Nitrous  oxide 

1-5277 

46-697 

Thomson    - 

Ditto              .           .           .           . 

1-6273 

46-582 

Berzelius  and  Dulong 

Nitric  acid      .... 

1-0416 

31-770 

Thomson 

Carbonic  oxide 

0-9722 

29-662 

Ditto 

Ditto               .... 

0-97^7 

29-667 

Berzelius  and  Dulong 

AonM. 

Cart>onic        .... 

1-6277 

46-697 

Thomson 

Ditto              .           ,           .            . 

1-6240 

46-481 

Berzelius  and  Dulong 
Thomson 

Chlorocarbonic  (Phosgene)     . 
Chlorocyanic  (vapoui^ 

3-4722 

105-902 

2-1520 

65-636 

Ditto 

Pluoboric       .            .            . 

2-3611 

72-013 

Ditto 

Flno-silicic     .            .            . 

3-611 

110138 

Ditto 

Hydriodic       .... 

4-340 

132-378 

Ditto 
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Table 

of  Gases  continued. 

Names  of  Gases. 

Speeifie 
gTETity. 

Weight  of 
100  cubic 
inches. 

Authorities. 

Acids. 
Hydro-oyanic  (vapour) 
HyponitroTifl 

Nitric"*  *^'  \ 
Sulphurous     . 
Sulphuric  (vapour) 

0-9375 

2-6382 

1-2847 

31943 

3-75 

2-2222 

2-7777 

Grains. 
28-572 
80-465 
39183 
97-426 
114-375 
67-777 
84-698 

Thomson 

Theory 

Thomson 

Theory 

Sir  H.  Davy 

Thomson 

Ditto 

To  the  above  table  I  consider  it  desirable  to  annex  another,  deduced  by  M.  Dumas 
firom  an  ingenious  and  elaborate  set  of  experiments,  which  form  the  subject  of  his 
memoir  "  On  some  Points  of  the  Atomic  Theory/'  published  in  the  *^  Ann,  de  Chim.  et 
de  Phys.,"  xxxiii.  337. 

TABLE   OP  THE   DENSITIES    (OB  SPECIFIC  GRAVITIES)    OP  CBBTAIN 
TAPOUBS   Ain>   OASES.       (aIB  =1.) 


Name  of  Yapour  or  Gas. 

Density  by 
Experiment. 

Density  by 
Calculation. 

Of  Iodine       .            .            .            .            . 

8-716 

8-6118 

Mercury   .           • 
ProtocUoride  of  phosphorus 

6-976 
4-875 

6-9788 
4-8076 

Arsenureted  hydrogen 
Chloride  of  siHcium 

2-695 

2-695 

5-9390 

5-9599 

Silici-fluoric  acid 

3-600 

3-5973 

Chloride  of  boron 

3-942 

4-0793 

Fluoboric  acid 

2-3124 

2-3075 

Perchloride  of  tin 

91997 

8-993 

6-836 

7-047 
2.2052 

Phosphorus 

51839 

Silicium 

, , 

10197 

Boron        .... 

, , 

0-7487 

Tin           ...            . 

, , 

4053 

Titanium 

•• 

2107  ' 

Since  the  development  of  analytical  organic  chemistry,  the  problem  of  determining 
the  exact  weight  of  100  cubic  inches  of  atmospheric  air,  and  from  it  the  specific  gravity 
of  gases  and  vapours,  has  become  of  increased  importance.  The  problem  is  not  yet 
solved;  but  we  may  accept  as  a  fact  the  statement  that  31  grains,  or  31-0117^  as 
stated  by  some  authors,  Bar.  Z0%  Ther.  60**  Fah.,  is  a  trifle  too  low.  MM.  Biot  and 
Arago,  MM.  Dumas  and  Boussingault,  are  the  experimenters  on  whose  deductions 
relative  to  this  subject  chemists  of  this  time  place  greatest  reliance — a  reliance  which 
seems  to  be  warranted  not  only  by  the  extreme  care  with  which  ihe  experiments  were 
conducted,  but  by  the  near  approximation  to  coincidence  in  the  result. 
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Aooording  to  these  philoeophen,  1  litre,   or   61'02791  cubic  inches  of  air,  at 
0''  Centigrade  and  0*76  metres,  weigh 

GrammM.  OrainjB. 

BiotandArago 1-2991  20*063        , 

Dnmas  and  Bousaingault         ....  1-2995  20*065 

Nov,  0*76  metres  may  be  considered  eqniyalent  to  30  inches,  although  more  correctly 

represented  by  29-92 ;  and  30  inches  is  the  usual  standard  of  pressure  to  which,  in  this 

country,  gases  are  referred.    The  zero  of  Centigrade,  howeyer,  or  the  32nd  degree  of 

Fahrenheit,  is  not  our  standard  to  which  the  temperature  of  gases  is  referred,  but 

60°  Fah.    Hence,  in  reducing  the  preyious  weights  to  our  standard,  it  is  necessary  to 

make  allowance  for  the  increased  bulk,  or  diminished  specific  gravity,  due  to  the 

elevation  by  28°  Fah.    Applying,  therefore,  the  rule  already  stated,  namely,  that  gases 

expand  fbr  every  degree  of  Fahrenheit  between  32°  and  212°  fi^sih.  part  of  their  bulk 

at  32°  =  (0°  C),  or  ^ths  of  every  degree  of  Centigrade  between  0°  and  100°,  we  find 

that  at  60°  Fah.  the  one  measure  (litre)  would  have  expanded  to- 1*0573  measures, 

retaining,  of  course,  its  original  absolute  weight,  but  suffering  a  diminution  in  specific 

gravity.    Hence,  if  altered  to  the  conditions  of  60°  Fah.,  the  weights  obtained  by 

MM.  Biot  and  Arago,  Dumas  and  Boussingault,  would  stand  thus  ■ — 

At  60°  Fah.,  bar.  30°  or  (076  m.)  1*0573  litres  (64*5248  cubic  inches)  of  air 

weigh — 

Grammes.  Grains. 

.  1-2991  20*063 

.  1*2995  20*065 


Biot  and  Arago 

Dnmas  and  Boussingault 


Consequently,  if  64-5248  cubic  inches  of  air  (60° Fah.  30°  bar.)  weigh  20063  grains, 
100  cubic  inches  will  weigh  31*093  grains,  by  the  proportion   ^ 

64-5248   :  20*063  : :  100  :  .f.^'f-  =  31  093, 

which  is  the  weight  of  100  cubic  inches  of  air,  according  to  Biot  and  Arago,  at  60°  Fah. 
and  30°  bar. ;  and  if  64*5248  cubic  inches  of  air  (60°  Fah.,  30°  bar.)  weigh  20065 
grains,  100  cubic  inches  will  weigh  31*096  by  the  proportion 

^■'  =  31096, 


64*5248  :   20*065  : :  100 


64*5248 

which  is  the  weight  of  100  cubic  inches  of  air,  according  to  Dumas  and  Boussingault, 
at  60°  Fah.  and  30°  bar. 

'  The  Specific  OiaTity  of  a  Gas  obtained  by  Calculation.  *-~It  is  usual 
in  a  statement  of  specific  gravities,  especially  of  gases  and  vapours,  to  mention  whether 
the  results  are  those  of  direct  observation,  or  whether  obtained  by  calculation.  The 
direct  method  of  taking  the  specific  gravity  of  a  gas  has  been  already  detailed  (pp.  10, 1 1). 

•  The  reader  will  not  be  unprepared  to  be  informed  that  in  obtaining  the  specifle  gravity  of  a  gas 
by  calculation— a  process  inyolving,  as  it  does,  so  many  different  elements  of  compntation— the 
results  may  be  slightly  different  from  those  deduced  from  actual  experiment.  The  difference,  how- 
ever, is  only,  for  the  most  part,  in  some  unimportant  decimal  place.  The  theoretical  chemist  should 
be  informed  that  the  process  of  actually  weighing  a  gas  seldom  or  never  enables  the  operator  to  use 
with  confidence  a  smaller  weight  than  the  ^i^oth  part  of  a  grain.  The  Tt^th  may  occasionally  be 
employed,  when  the  substance  to  be  weighed  is  trivial  in  amount ;  but  this  is  a  condition  not  usually 
available  in  the  process  of  weighing  a  gas  contained,  as  it  must  be,  in  a  somewhat  heavy  flask. 
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The  indirect  methods  are  of  Tsrious  kinds— the  two  SaUowing  being  the  most  feneraUy 
employed,  and  the  most  important. 

1.  Calnniated  on  the  data  of  the  specific  gravity  of  hydrogen,  the  atomic  volume 
of  hydrogen  and  of  the  gas  whose  specific  gravity  is  to  be  det^minfid.  This  process 
applies  to  all  gases  and  vapours,  whether  simple  or  compound. 

2.  Calculated  on  the  data  of  the  specific  gravity  of  components,  and  the  resulting 
atomic  voluaie  of  tbie  oonqKHyid.  This  T^acoeem  is  nieoeBsaiily  restristod.to  Oko  cmb 
of  compound  gases. 

JSacplamition  of  Proett9  Iw— It  has  already  been  remadusd,  wiien  diseiiasmg  tiie 
atomic  theory  and  laws  of  definite  combination,  that  not  only  ^do  bodies  pnsent  a 
mutiiil  relation  of  eombining  weights,  but  of  combining  volumfis  also.  In  gases  tibe 
truth  of  the  last  imposition  is  diroctly  evident  from  inspection,  and  the  Uw  is  fuitiier 
extended  dy  inferential  reasomng.  Accepting  these  data  as  a  starting  point,  we  shall 
presently  see  how  the  specific  gravity  of  a  gas  may  be  determined  by  process  Ifo.  L.  In 
the  fii»t  pUce,  let  ns  assume  that  all  gases  possess  equal  atomic  volumes,  which  is  not 
the  case,  but  ihjeu  assumption  will  assist  the  reasoning  process.  If  this  condition  be 
obtained,  the  atomic  or  eombining  volumes  of  gases  mig^  be  represented  by  nniiai  of 
cubic  volume,  each  characieiized  by  a  diffisrent  weight.  I  have  applied  the  remazk  to 
three  gases  underneath. 


Hydrogen 
1 


Chlorine 
35 


The  weights,  it  will  be  observed,  are  the  respective  atomic  ^  eights  of  the  gases,  but 
they  express  also  the  ratio  of  specific  gravity  between  the  same  gases ;  and  if  hydrogen 
be  taken  as  the  imit  of  specific  gravity  for  gases  instead  of  atmospheric  air,  then  no 
further  calculation  would  be  required.  But  if  a  volume  of  atmospheric  air  be  taken  as 
the  unit  of  specific  gravity  for  gases,  as  is  usual,  then  a  volume  of  nitrogen  will  no 
longer  be  fourteen  times  heavier  .than  unity ;  a  volume  of  chlorine  thiiiy-six  times 
heavier,  &c. ;  but  heavier  in  the  ratio  that  the  second  standard  of  xmity  (atmospheric 
air)  is  heavier  than  the  first  (hydrogen).  Now  the  number  expressing  this  ratio  is 
that  of  the  specific  gravity  of  hydrogen  referred  to  atmospheric  air  as  unity.  Accepting, 
the  specific  gravity  of  hydrogen  as  0  0693,  which  most  chemists  imagine  it  to  be,  this 
ratio  is  as  follows : — 

Representing  unity  of  specific  gravity  (air)  by    .  .        .  S 

Specific  gravity  of  hydrogen  referred  to  air  by    .        .        .        •  S'  | 

Atomic  weight  of  gas  whose  specific  gravity  is  to  be  determined  tr 

ITndetermined  specific  gravity  of  gas  by x 

We  have 

(S:S'::i^::r)  =  (-^=;r) 

oryf(>r  ffttaes  of  equal  atomic  volumesy  the  tpeeijic  gravity  of  hydro ff en  gas  multiplied  by  the 

atomic  weight  of  the  gas  tohose  specific  gravity  is  to  be  determined,  gives  its  specific  gravity. 

It  so  happens  that  the  atomic  volumes  of  hydrogen,  nitrogen,  and  chlorine  gases 

are  all  equal ;  therefore  we  may  now  represent  the  three  by  other  figures  expressing  the 
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ratio  1 :  14  :  35,  wHdi  qQuk  figvK99n  those  Minting  tib»  zeq^tiTe  specific  grayi- 
ties,  88  foUowB : 


Chlorine 

35 

or 

2-425 


the  munbers  0*0693,  0-9702,  2*425,  being  respectiyely  the  products  of  the  atomic  weight 
of  the  gas  to  be  detemiaed,  and  the  specific  grayity  of  hydrogen. 

Suppodng  the  gas,  whose  specific  gxayitj  might  be  desired,  possessed  only  half  the 
atomic  reluaie  of  hydrogcn-^-^s  is  tiie  case  with  oxygen-Hthen  the  ratio  would  be 
represented  af  follows  --^ 


Hydrogen. 

1 

or 
0-0693 


.Oxygen 

Set 

1-1088 


Or,  (S  :  S'  : :  2«; :  «; 


■>=(^ 


X2w 


=  x). 


Or,  for  gases  who9$  atomic  volume  is  half  that  of  hydrogen  gas,  the  tpeeijie  gravity  of 
hydrogen  multiplied  by  twice  the  atomic  weight  of  the  gas,  gives  thcspeetfic  gravity  of  the 
latter. 

Applying  this  operation  to  the  present  case,  we  have 

Again,  supposing^the  gas,  whose  specific  gravity  might  be  desired,  possessed  twice 
the  atomic  yolume  of  hydrogen — as  is  the  case  with  a.mmonia  and  many  others— then 
we  should  have  the  ratio  v 


Hydrogen 

or  \ 

0-0693 


Ammonia 
15 
or 
0*6895  • 


Or,  (S  :  S' : 


w_ 
2 


^)  = 


Or,  for  gans  whose  atomie  volume  is  twice  thtft  of  hydrogen,  the  specific  pravity  of 
hydrogen  multiplied  by  the  atomic  weight  of  the  gasy  divided  by  two,  gyeee  the  epecijie  gravity 
of  the  gas. 
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Applying  the  operation  to  the  case  of  ammonia,  which  is  a  compound  of  three 
atoms  of  hydrogen  and  one  of  nitrogen  condensed  into  two  volumes,  we  have, 


Three  atoms  of  hydrogen 
One  of  nitrogen    . 

One  atom  of  ammonia  . 


Weight. 

3 

14 

17 


0*0693  ^  17 
Then,  applying  the  rule,  we  have   ^ —  =  0*o895 ;  hence  0*5895  is  the 

specific  gravity  of  ammonia ;  air  heing  1. 

JExplanation  of  Process  2. — ^The  second  process  of  calculating  the  specific  gravity  of 
a  gas  or  vapour,  and  which  applies  exclusively  to  compounds,  will  readily  be  under- 
stood &om  the  following  general  description  : — ^If  two  gases,  on  combining,  experienced 
no  alteration  of  atomic  bulk,  then  it  is  evident  the  mean  of  the  specific  gravities  of  the 
two  components  would  be  the  specific  gravity  of  the  compound.  This  is  the  case  when 
hydrogen  imites  with  chlorine  to  form  hydrochloric  acid.  Two  equal  volumes  imite 
without  condensation ;  hence  the  specific  gravity  of  hydrochloric  acid  must  be  the 
specific  gravity  of  hydrogen,  plus  the  specific  gravity  of  chlorine  divided  by  two,  or 


Sp.  gr.  hydrogen 
Sp.  gr.  chlorine 


0-0693 
2-425 

2-4943 


Twice  the  sp.  gr.  of  hydrochloric  acid 
Therefore  the  sp.  gr.  of  hydrochloric  acid  is  1-247.  ' 

The  case  may  be  further  illustrated  by  means  of  the  accompanying  diagram— < 

1  vol.  of  Hydrogen  and  )  unite  without  condensation  (  g  yok.  of  Hydrochloric  Acid. 
1  of  Ohlorme  )  and  form  (  ^ 


Hydrogen 
1 

or 
-0693 


Chlorine 

35 

or 

2-425 


In  many  instances,  however,  two  gases,  when  they  enter  into  oombrnation,  experience 
a  contraction,  differing  in  ratio  for  different  combinations.    Knowing  the  ratio,  and  also 
the  specific  gravity  of  the  constituents,  it  is  easy  to  deduce  the  specific  gravity  of  the 
resulting  compound.    For  instance- 
Three  volumes  of  hydrogen,  by  imiting  with  one  volume  of  nitrogen,  oonstitate 
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ammonia ;  but  the  result  only  occupies  two  volumes,  not  [four,  as  represented  by  the 
following  diagram :— 


}       Nitrogen       | 
14             , 

Hydrogen 
1 

or             j 
0-9702         • 

or 
00693 

Hydrogen 

1 

or 
00693 

Hydrogen 

1 

or 
00693 

Ammonia 

or 
0-589 


/ 

Hence  the  specific'grayity  of  ammonia  will  be  the  result  of  the  sum  of  three  times  the 
specific  grarity  of  hydrogen  and  once  the  specific  gravity  of  nitrogen,  divided  by  two,  or 
(3  X   0693)  +  0-9702  _  ^.^g^ 
2. 
It  is  obvious  that,  as  the  specific  gravity  of  compound  gases  may  be  deduced  irom 
a  consideration  of  the  specific  gravity  of  their  elements  and  the  final  volume  of  com- 
bination, so  a  parallel  result  may  be  arrived  at  by  accepting  as  data  the  weight  of 
given  volumes  of  component  gases  and  the  final  volume  of  the  combination.    This 
gives  us  the  weight  of  a  volume  of  the  compoimd,  from  which  its  specific  gravity  can 
be  deduced.    Thus  it  is  evident  that,  inasmuch  as  hydrochloric  acid  is  a  compound  of 
one  volume  of  chlorine  and  one  volimie  of  hydrogen,  without  condensation,  its  specific 
gravity  will  be  a  mean  proportional  between  the  ftum  of  the  weight  of  equal  volumes  of 
its  constituent  gases.    Now,  inasmuch  as  100  cubic  inches  of  chlorine  weigh  77*33 
grains,  and  100  cubic  inches  of  hydrogen  0*214  grains,  it  follows  that  the  weight  of 

77-83 +0-214  _ 


100  cubic  inches  of  hydrochloric  acid  should  be 
wo  deduce  its  specific  gravity  by  the  proportion 
31  :  38-55 


38-55;  whence 


88:55XJ_i.24 
31 


Pvopezties  of  Oases.-^!.  J.U  solid  bodies,  that  possess  a  certain  decree  ofporositif, 
are  capable  of  absorbing  gases^-^Thia  was  first  observed  in  charcoal,  the  power  of  which 
to  condense  different  gases  will  be  fully  described  in  the  section  on  that  substance.    It 


Digiti 


zed  by  Google 


174  ALL  SOLID  BODIES 


has  been  foimcl,  also,  by  Sanssnre,  Jan.,  to  belong  to  a  stone  called  meersciianni,  to 
adhesiye  slate,  asbestos,  rock  cork,  and  other  minerals ;  and  to  ra^  silk  and  wool. 
The  following  general  principles  are  deducible  from  the  experiments  of  Saxusure.* 

1.  It  is  necessary  to  deprive  the  solid  of  the  air  which  it  naturally  contains.  When 
of  a  nature  not  to  be  injured  by  heat,  this  is  most  effectually  done  by  igniting  the 
solid,  and  quenching  it  under  mercury,  where  it  is  to  be  kept  till  admitted  to  a  given 
volume  of  the  gas  to  be  absorbed.  SoHds  that  are  decomposable  by  heat  may  be 
deprived,  though  less  effectually,  of  adr,  by  placing  them  under  a  receiref,  which  must 
then  be  exhausted  by  the  air-pump. 

2.  The  same  solid  absorbs  different  quantities  of  different  gases.  Charcoal,  for 
instance,  condenses  90  times  its  bulk  of  ammoniacal  gas,  and  not  quite  twice  its  bulk  of 
hydrogen. 

3.  Solids,  chemically  the  same,  absorb  different  quantities  of  the  same  gas,  ac- 
cording to  their  state  of  mechanical  aggregation.  Thus  the  dense  charcoal  of  box- 
wood absorbed  7|  volumes  of  air ;  while  a  light  charcoal,  prepared  from  cork,  did  not 
absorb  a  sensible  quantity. 

4.  Different  solids  absorb  different  quantities  of  the  same  gas ;  the  quantity  of 
carbonic  acid  absorbed  by  charcoal  being  about  seven  times  greater  than  that  absorbed 
by  meerschaum. 

5.  When  the  solid  exerts  no  chemical  action  on  the  gas,  the  absorption  is  termi- 
nated in  24  or  36  hours. 

6.  The  effect  of  moistening  the  solid  is  to  retard  the  absortion  and  to  diTniT^isb  its 
amount ;  and  when  a  gas  has  actually  been  absorbed  it  is  again  driven  out  unchanged, 
partly  by  water  of  the  ordinary  temperature,  and.  entirely  by  exposure  to  a  boiling 
heat. 

7.  Dtxrmg  the  absorption  of  a  gas  by  a  solid  the  temperature  of  the  latter  rises 
several  diegrees,  and  thn  rise  beanr  a  pr9portk>n  to  the  absorbability  of  the  gasy.  and'  the 
rapidity  with  which  it  is  condensed. 

I  8.  Solids  condense  a  greater  nimiber  of  volumes  of  the  more  absorbable  gases 
iBider  a  rare  than  under  a  dense  stmospheTe  '^  but  if  the  absovption  b»  ledcoae^'  by 
weighty  it  is  most  considerable  under  the  latter  state. 

%  When  a  lofid  satocated  witb  any  one  gas  is  introdiieed  inficr  aa  atmoi^phare  of 
any  other  ga^  a  portion  of  tilie  first  is-  esspeEsd^  and  a  psrtof  the  seoood  takes  its 
^aee. 

II.  Gases  af%  oBsoried  Uf  liquiBb,t^QiL  Hhu  sabjeot  Ibe  iji&omiaff  general  prineiples 
may  be  laid  down : — 

1.  The  same^  li^pud  absorbs  different  ^oantities  of  di&rent:  gases;  ThTXs  water 
takes  np  its  own  bulk  of  corbonie  acid,  and  not  on»-fiftiet3ai  of  its  bulk  of  hydrogen* 
gas. 

2.  Different  liquid  absorb  Afferent  quantities  of  the  same  gas.  Alcohol^  for  in^ 
stance,  absorbs  almost  twiee  as  much  carbonic  acid  as  is  taken  up  by  an  equal  volume 
of  water. 

3.  The  absorption  is  promoted  by  first  freeing  the  liquid  from  air,  either  by  long 
continued  boiling  in  a  vessel  with  a  narrow  heck,  or  by  the  air-pump.  It  requires, 
also,  brisk  and  long  continued  agitation,  especially  with  the  less  absorbable  gases. 

4.  It  does  not  appear  that  the  gases  are  absorbed  by  all  liquids  in  the  same  order. 
For  example,  of  four  gases,  naphtha  absorbs  most  defiant  gas ;  oil  of  larender  most 

•  «*  AmudB  of  PMlo8opfiy,»*  vt.,  2«. 
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nitrous  oxide ;  oli^e  oil  most  cubomc  aeid ;  aad  soliidozi  of  faydroehlorate  of  ix^taasa 
most  earbkniic  oxide. 

5.  The  Yisciditj  of  liquids^  though  it  does  not  much  inflnenee  the  amount  al>- 
sorbedy  occasions  a  longer  time  to  be  spent  in  effecting  the  absorption.  On  the  other 
hand,  the  amount  of  any  gas  whieh  is  absorbed  by  watery  is  diminished  by  first  dis- 
aolying  in  the  -water  any  saline  substuice. 

6.  In  general,  the  lightest  liquids  possess  the  greatest  power  of  absorbing  gases ; 
wheareas,  when  there  is  no  eyident  ehemical  action,  the  heaviest  gases  are  absorbed 
most  copiously  and  rapidly  by  the  same  liquid. 

7.  The  temperatoie  of  a  liquid  is  raised  by  the  absorption  of  a  gas  in  proporti<m  to 
the  smmiBit  and  the  rapidity  of  the  absorption. 

8.  In  all  liquids  the  quantities  of  gases  absorbed  are  direc^y  as  the  pressure.  For 
example,  a  liquid  whi^  absorbs  xto  own  bulk  of  gas  under  the  pressure  of  the  atrao- 
spheie,  wiU  still  absorb  its  own  bulk  of  the  same  gas  under  double,  triple,  &c.  pressure; 
bni  its  own  bulk  of  gas^  twiee  eonpressed,  is  equal  to  doul^  its  bulk  of  gas  ordinarily 
oumpreoBed,  siid  so  cm.  Thepanoafsof  this  law  have  been  given  at  length  in  the  ^PM!o- 
sc^hical  Transactioiis "  lor  I80>%  by  the  late  Dr.  Henry. 

9.  When  water,  or  probably  any  other  liquid,  is  agitated  with  a  limited  quantity 
of  aiiy  muctore  of  two  gases,  it  does  not  absorb  one  gas  to  the  exclusion  of  the  other, 
but  absorbs  a  portion  of  both.  In  this  case,  the  density  of  each  gas  in  the  water  or 
liquid  has  a  constant  relation  to  that  without,  for  the  same  gw.  Thus  in  carbonic  acid 
gasy the  density  is  the  same  within  and  without  the  waiter;  in  olefiant  gas  and  phos- 
phoireted  hydiogen,  the  density  within  is  l-8th  of  that  without ;  in  oatygen  and  car- 
bureted hydrogen,  &c.,  the  density  within  is  l-27th  of  that  without ;  in  azote  and 
hydrogen,  it  is  about  l-SQth^  according  to  Dalton,  though  he  originally  stated  it  to  be 
l-64th,>  under  the  impzession  that  the  distanees  of  the  particles  within  were  always 
BOBie  multiple  of  those  without.  This  concise  enunciation  of  the  general  law,  deduced 
by  Mr.  DaUoiL  from  his  experimenfal  inquiries,  will  be  better  understood  by  the 
iUnstrations  eontaiiied  in  a  paper  published  in  the  ^'  Annals  of  PhiLosophy,''  yii.,  216, 
where  the  reader  will  find  a  formula  for  ascertaining  the  quantities'  of  nuxed  gases 
absorbed  by  water. 

The  principle  on  which  gases  are  absorbed  xdA  retained  by  liquids  has  been  a  sub- 
ject of  controyersy.  ^  fierthoUet,  Thomson,  Saussure,  and  the  generality  of  chemists, 
it  is  ascribed,  iix  all  cases,  to  the  exertion  of  a  chemical  affinity  between  the  gas  and  the 
liquid  j  but  is  is  contended  by  Mr.  Dalton  and  myself  that  the  effect  in  most  Cases  is 
cMefly,  if  not  wholly,  mechanical.  The  discussion  would  lead  me  into  details  of  too 
great  a  length  j  and  I  refer,  therefore,  for  a.  fuH  statement  of  the  argument^  to  two 
papers  which  I  published  in  the  8th  and  9th  volumes  of  "  Nicholson's  Journal ;"  ta 
Mr.  Dalton's  >'  New  System  of  Chemical  Philosophy  ;'*  and  to  his  essays  in  the  7th 
Tolumeof  "Ihr.  Thomson's  Annals/'  which  contains  a  reply  to  the  objections  advanxxed 
against  the  mechanical  theory  by  Saussur6,  in  the  6th  volume  of  the  same  work.  ^!his 
reply  seems  to  have  unaccountably  escaped  the  notice  of  several  writers  (Berzelius,  for 
instance),  who  continue  to  urge  the  objections  of  Saussxire,  after  they  have  been  fully 
and  satisfactorily  answered  by  Mr.  Dalton.  An  essay,  by  Mr.  Graham,  on  the  absorp- 
tion of  gases  by  water,  in  the  12th  volume  of  "  N.S.  of  Ann.  of  Phil./'  is,  howei^^,. 
deserving  the  reader's  attention. 

in.  Qases  have  a  mutual  tendency  to  dijtuidn  through  each  other. — This  operates  to 
such  a  degree,,  that,,  if  two-  diffitfeaot-  gases  are  placed  iix  commnmeation,  either  with 
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large  surfSoces,  or  by  a  narrow  tube  connectiiig  two  receiyers,  each  containing  a  dif- 
ferent gas,  they  are  found,  after  a  sufficient  time,  to  be  intimately  mixed.  This'  happens 
even  when  the  gases  have  very  different  specific  gravities.  In  this  case  the  lighter, 
though  placed  uppermost  at  first,  gradually  descends,  and  mixes  with  the  heavier,  and 
the  reverse.  .  A  striking  instance  of  this  kind  will  be  given  [in  speaking  of  hydrogen 
gas.  From  the  observations  of  Mr.  Faraday,  it  appears  that  gases  kept  over  mercury, 
or  in  bottles  closed  by  well  ground  stoppers,  gradually  exchange  places  with  the 
external  atmosphere,  and  are  not  to  be  relied  on  for  their  purity  after  a  long  interval  of 
time.* 

Dobereiner,  Mitchell,  and  Graham,  especially  the  latter,  have  also  studied  the 
phenomena  of  mutual  gaseous  diffusion,  which  have  been  referred  by  Mr.  Graham  to 
the  agency  of  one  general  law,  viz.  "  that  the  diffusion,  or  spontaneous  intermixture 
of  two  gases  in  contact,  is  effected  by  an  interchange  in  position  of  indefinitely  small 
volumes  of  the  gases,  which  volumes  are  not  necessarily  of  equal  magnitude,  being  in 
the  case  of  each  gas  inversely  proportional  to  the  Isquare  root  in  the  density  of  that 
gas."  Hence  the  relative  diffusiveness  of  two  gases  are  expressed  by  the  reciprocals  of  the 
square  roots  of  their  densities.   Thus  the  density  of  air  being  1,  its  diffusiveness  is  also  1 ; 

the  density  of  hydrogen  being  0*0693,  its  diffusiveness  is  ^q.qqq^  =  0-2633  ^^'^^> 

the  density  of  ammonia  being  0*5898,  its  diffusiveness  is   /A.gQoa  ^^  0'7681  '^^^^^ 

Hence,  if  hydrogen  and  ammonia  be  placed  under  circumstances  favouring  their 
mutual  diffusion,  456  volumes  of  hydrogen  will  change  place  with  1*30  of  ammonia ; 
and  so  on  for  all  other  gases. 

IV.  Veheityof  Gases. — The  velocities  with  which  different  gases,  when  condensed 
artificially  by  the  same  degree  of  pressure,  escape  through  a  capillary  tube,  has  been 
shown  by  Mr.  Faraday  to  vary  very  considerably.f  The  following  table  exhibits 
the  comparative  times  required  by  some  of  the  gases  to  escape  from  a  vessel  in  which 
they  were  all  equally  compressed  at  the  outset,  till  their  density  arrived  at  an 
atmosphere  and  a  quarter. 

Carbonic  acid  required 156*5  minutes. 

defiant  gas 136*5 

Common  air 128 

Coal  gas 100 

Hydrogen 57 

These  differences  cease  to  exist  at  low  pressures ;  for  equal  volumes  of  hydrogen  and 
olefiant  gases  passed  through  the  same  tube,  at  equal  low  pressures,  in  almost  the  same 
time.  Through  small  needle  holes,  hydrogen  gas,  pressed  by  a  small  colunm  of  mer- 
cury, escaped  about  three  times  more  quickly  than  olefiant  gas.  Increasing  the 
pressure,  the  same  proportions  were  observed ;  and  also,  though  not  to  the  same  degree, 
when  the  gases  were  expelled  through  slits  cut  by  a  penknife.  Both  glass  and  metal 
tubes  produced  the  effect,  and  it  was  heightened  as  the  gas  was  made  to  pass  more 
slowly  through  the  tube,  and  this,  whether  the  increased  time  was  caused  by  dimi- 
nished pressure,  increased  length  of  tube,  or  diminished  diameter.  The  specific  gravity 
of  the  gases  seems  to  have  no  infiuence,  for  carbonic  acid,  olefiant,  and  oxygen  gases, 
under  the  same  pressure  and  other  equal  circumstances,  required  respectively  4'  6", 

*  "  Quart.  Journal,"  xxU.  220.  +  "  Quart.  Joamal,"  iii.  SS4,  tU.  106. 
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3'  3",  and  &  46",  for  the  escape  of  the  same  quantity  of  gas  \  numbers,  as  will  be  seen 
from  the  foregoing  Table  of  Specific  Oravity  of  Gases,  bearing  no  proportion  to  their 
relatiye  weights.  What  is  singular  in  these  results  is,  that  the  ratio  for  the  same  gas 
varies  with  the  pressure,  and  that  this  yariation  differs  in  different  gases.  Thus  tiie 
one  which  passes  with  the  greatest  ftcility  at  low  pressures,  passes  with  the  least  at 
high  pressures* 

This  inyestigation  has  been  pursued  and  extended  by  M.  Girard.*  He  was  per- 
mitted to  use,  for  his  experiments,  the  gasometer  and  pipes  belonging  to  one  of  the 
gas  lighting  establishments  at  Paris.  The  gases  operated  upon  were  common  air  and 
carbureted  hydrogen,  which,  when  allowed  to  escape  at  different  distances  from  the 
gasometer,  through  equal  apertures  in  a  three-inch  pipe,  and  under  the  same  pressure, 
gave  the  following  results  :— 

The  distances  being 1288,  3758,  6228 

The  quantities  of  carbureted  hydrogen  were  1281,    710,    541 
Ditto  of  common  air     «        .        .        .    902,    541,    394 

The  escape  of  carbureted  hydrogen,  therefore,  considerably  exceeded  that  of  common 
air,  but  not  in  proportion  to  its  inferior  specific  gravity,  which  is  not  much  more  than 
half  that  of  the  atmosphere,  while  the  excess  in  the  escape  of  the  lighter  gas  is  far 
from  being  double  that  of  the  heavier.  Similar  results  were  obtained  when  the  gases 
were  expelled  through  tubes  of  seven  lines  in  diameter,  or  through  an  aperture  in  the 
side  of  the  gasometer,  the  lighter  gas  being  discharged  in  both  cases  the  most  abun- 
dantly. In  the  latter  case,  each  gas  escaped  eleven  times  tag^/st  than  when  it  had  to 
traverse  a  tube  of  the  same  diameter  as  the  hole,  and  127  metres  in  length*  In  all 
cases,  equal  quantities  of  gas,  in  any  one  experiment,  escaped  in  equal  times. 

Iliese  phenomena  of  the  movement  of  gases  through  pipes,  M.  Girard  shows,  are 
exactly  the  same  as  those  of  the  linear  movement  of  incompressible  fluids ;  and  he 
draws  several  conclusions,  which  are  important  to  those  practically  engaged  in  opera- 
tions that  require  the  transmission  of  gases  through  long  tubes ;  for  which,  however, 
I  must  refer  the  reader  to  the  memoir  itself. 

y.  The  cohur  of  the  eUetrie  sparky  when  transmitted  through  different  gases,  has 
been  observed  by  De  Grotthusf  to  be  as  follows  :— 

In  atmospheric  air  of  double  density,  the  spark  was  more  brilliant,  but  not  coloured. 

In  hydrogen  gas purple. 

—  phosphureted  hydrogen red. 

—  ammonia red. 

—  dry  carbonic  acid  gas violet. 

—  oxygen  gas violet. 

•—  aqueous  vapour orange. 

izrJ^^i -^^--^ 

The  general  inference  from  his  experiments  is,  that  the  intensity  of  electric  light  is 
always  in  a  direct  proportion  to  the  density  of  the  gas,  and  in  the  inverse  proportion  to 
the  conducting  power  of  the  gas  for  electricity. 

VI.  The  comparative  eoniferotu  propertm  of  the  gaeee  have  been  determined  by 
Messrs.  Kerby  and  Merrick ;  but,  as  these  belong  rather  to  mechanical  than  to  chemical 
•  "  Ann.  de  Chhn.  et  de  Phys."  xvL  129.  ♦  "  Ann.  de  Chim.»»  Ixxxii.  84. 
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4Gi6iioe,  X  ahflU  oootant  myself  with  referring  to  tlie  aocount  of  the m  ia  the  tMreiity- 
j^erenth  and  thirty-third  yolumes  of  '^  TSkiboiaoats  Jonmal,"  and  in  the  £oit7*fifih 
Y<^ume  of  the  **  Philoaophioal  Hagasine ;"  and  to  Mr.  LeaUe>  paper  on  aoonda  exohed 
in  hydrogen  gaa.* 

Of  thm  Appaamtus  fioor  JBxp«rliiMnt«  oa  tlM  0«f<M.-^For  perfcunuBg  the 
necessary  experiments  on  gases,  many  articles  of  apparatus  are  essentia],  that  hm?e 
not  hitherto  heen  deacrihed.  It  may  assist  the  student  in  obtaining  the  neoeasary  ^ 
ins trements  if  a  few  of  tho  most  ees^itial  he  here  enumerated.  In  this  plaoe,  howerer, 
I  ahaU  mention  such  only  as  are  neceisaiy  in  making  a  few  general  experinsnta  on 
that  interesting  class  of  bodies. 

The  apparatus  required  for  experiments  on  gasee  consists  partly  of  yeaaels  fitted  for 
containing  the  materials  that  afFord  them,  and  partly  of  yessela  adapted  for  the  reeeption 
of  gases,  and  for  submitting  them  to  experiment. 

1.  For  procuring  such  gases  as  are  producible  without  a  ycry  strong  heat,  glass 
""  bottles,  furnished  with  ground  stoppers  and  bent  tubes,  are 

sufficient.  Of  these  seyeral  will  be  required,  of  different  sizes 
and  shapes,  adapted  to  different  purposes.  If  these  cannot  be 
procured,  a  Fl(»enoe  flask,  with  a  cork  perforated  by  a  bent 
glass  tnbe,  or  eyen  by  a  leaden  pipe,  will  serye  for  obtaining 
some  of  the  gases. 

i  Those  gases  that  require  a  red  heat  for  l^eir  Uberatiton, 
may  be  procured  by  exposing  to  that  degree  of  heat  the  sub- 
stance  capable  of  fidOTording  them,  in  earthen  retorts  or  tubes ; 
or  in  a  gun  barrd,  l^e  touch-hole  of  which  has  been  aoon- 
rately  plugged  by  an  iron  pin.  To  the  mouth  of  the  barrel  must 
be  affixed  a  glass  tube,  bent  so  as  to  conyeythe  gases  whereyer 
they  may  be  requisite.  ^ 

A  yery  conyenient  apparatus,  for  obtaining  such  gases  as 
cannot  be  disengaged  without  a  red  heat,  consists  of  a  wrought- 
iron  mercury  bottle,  to  which  is  firmly  sorewed  about  two 
end  a  half  feet  of  iron  gas  tube,  as  represented  in  the  diagram. 
This  iron  retort)  as  it  may  be  called,  is  paiticnltfrly  useftil 
in  the  operation  of  obtaining  oxygen  by  exposing  black  oxide  of 
manganese  to  heat. 

The  extremity  (b)  terminates  in  a  screw,  to  which  a  tube  of 
lead   or   pewter  being    attached  by 
means  of  a  imion  fastening,  the  result- 
ing gas  may  bo  conyeyed  into  any  conyenient  receiying 
yessel. 

2.  For  receiyiag  the  gases,  glass  jars,  of  yarious 
sizes,  as  represented  inthe  diagrams,  are  required, 
some  of  which  should  be  furnished  with  necks 
at  the  top,  fitted  with  groimd  stoppers  (a).  Others 
should  be  proyided  with  brass  caps,  and  screws, 
for  the  reception  of  air-cooks  {b).  Of  these  last 
(the  air-cocks),  seyeral  will  be  found  necessary ; 
and  to  some  of  them  bladders,  or  elastic  bottles,  should  be  firmly  tied,  for  the 
«  «*  An.  of  PhU."  N.S.,  Iv.,  172. 
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pvipoM  of  tfWLt&ni&g  gMBi.  Tiieae  jaxs  vill  abo  te  fouad  eztramely  useM  in 
ezpenmatB  on  the  propertieB  sad  eflbete  of  ih»  gaces.  fiemA  of  ihtm  lAanM  Im 
gndvated  into  ovbieal  iaebei.  It  is  i]iqK>]taiLC  thai  jan  uBsd  for  contalo&ig  ^ases 
dunU  b«  pezfeotly  free  from  eauka,  tluroogh  which,  even  irhen  Boaa*cely  petceptible, 
some  of  the  gases,  especially  hydrogen,  have  been  found  by  Doebereiser  to 
Moape.^ 

To  oontam  tkese  jars,  irtai  in  use,  a  Tsasel  wUl  be  neeessary,  capable  of 
hMkag  a  few  gaUons  af  water.  This  may  eitheor  be  of  wood,  if  of  considerable  siee ; 
01^  if  ami^  of  tin,  japanaed  or  painted.  Its  size  may  vary  with  that  of  tiie  jars 
employed;  and,  about  two  or  three  indies  from  the  top,  it  should  haye  a  shelf,  on 
which  the  jars  may  be  placed,  when  filled  with  air,  without  the  risk  of  being 
OTenet  In  tiiis  shelf  shonld  be  a  few  amall  holes,  to  which  inverted  fiinnels  may  be 
soldered. 

Tubes  of  Tsrioms  hnaa  and  aieea,  some  of  them  accurately  graduated  into  hun- 
dredths, and  otiiars  into  tenths,  of  a  cubic  inch^f  are  quite  essential  to  those  who  work 
much  on  gaseous  sabstaaces.  Beside  these,  the  experimentalist  should  be  furnished 
withair-fimnels,  for  traas&ning  gases  from  wide  to  narrow  yessels. 

An  apparatus,  almost  indispeosahie  in  ei^eriments  on  this  class  of  bodies,  is  a 
jfatoMttety  which  etkabks  the  chemist  to  eoUeet  and  to  preserve  large  quantities  of  gas, 
with,  the  aid  of  only  a  few  pounds  of  water.    In  the  form  of  this  apparatus  there  is 
oonsidenble  variety ;  but,  at  present,  I  have  no  olher  view 
tium  that  of  explaining  its  general  construction  and  use.    It 
ooaaists  of  an  outer  fixed  vessel,  d,  and  an  inner  moveable 
one,  A,  both  of  japanned  iron.    The  latter  slides  easily  up 
and  down  within  the  other,  and  is  suspended  by  cords  passing 
over  pulleys,  to  whieh  are  attached  the  counterpoises,  e  «. 
To  avoid  the  iacumbrance  of  a  great  weight  of  water,  the 
fixed  vessel  d  is  made  double,  or  is  composed  of  two  cylin- 
ders, the  imier  oao  of  whieh  is  closed  at  the  top  and  at  the 
bottom.    Tbe  sptaee  of  mily  about  half  an  inch  is  left  between 
the  two  (flinders,  as  shown  by  the  dotted  lines.     In  this 
space  the  hollow  vessel  e  may  move  freely  up  and  down. 
The  xuterral  is  flHed  with  water  as  high  as  the  top  of  the 
inner  cylinder.     The  cup,  or  rim,  at  the  top  of  the  outer 
vessel,  is  to  prevent  the  water  from  oveifiowing,  when  tiie 
vessel  «  is  forcibly  pressed  down,  in  which  situation  it  is 
placed  whonevor  gas  m  about  to  be  collected.    The  gas  enters 
from  the  veaael  in  whieh  it  is  produced  by  the  communicating 
pipe  bf  and  pastes  along  the  perpendicular  pipe  marked  by 
dotted  lines  in  the  centre,  into  the  cavity  of  the  vessel  <?,  which  continues  rising 
till  it  is  frill,  when  it  is  stopped  by  the  cross  bar  to  which  the  pulleys  are  attached. 

To  transfer  the  gas,  or  to  apply  it  to  any  porpose,  the  cock  5  is  to  be  shut,  and  an 
empty  bladder,  or  bottle  of  elastic  gum,  famished  with  a  stop-cock,  to  be  screwed  on  a. 
When,  the  vessel  o  u  pressed  down  by  the  hand,  the  gas  passes  down  the  central  pipe, 
which  it  had  before  ascended,  and  its  escape  at  b  being  prevented,  it  finds  its  way  up 
a  vertical  pipe,  which  is  fixed  to  the  outer  surface  of  the  vessel,  and  which  is  terminated 
by  the  cock  a.  By  means  of  an  ivory  mouth-piece"  screwed  upon  this  cock,  the  gas, 
•  "Ann.  de  Chim.  et  de  Phys."  xxiv.,  882.  t  See  Faraday  on  Manip.  \  112. 
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included  in  the  instrament,  may  be  respired,  the  nostrils  being  closed  by  the  fingers. 
When  it  is  required  to  transfer  the  gas  into  glass  jars  standing  inrerted  in  water,  a 
crooked  tube  may  be  employed,  one  end  of  which  is  screwed  upon  the  cock  d,  while 
the  other  aperture  is  brought  under  the  inverted  funnel,  fixed  into  the  shelf  of  the 
pneumatio  trough. 

Seyeral  alterations  haye  been  made  in  the  form  of  this  apparatus,  but  they  are 
principally  such  as  add  merely  to  its  neatness  and  beauty,  and  not  to  its  utility ;  and 
they  render  it  less  easy  of  explanation.  The  counterpoises  *  *  are  now,  for  example, 
generally  concealed  in  the  framing,  and  the  moreable  vessel  e  is  frequently  made  of 

glass.      In  some  delicate  experiments  of  research,  it 

may  be  necessary  to  obtain  a  current  of  gas,  issuing 
witii  a  uniform  velocity,  and  under  a  pressure  con- 
stantly the  same.  Such  an  apparatus  was  employed 
by  Delaroche  and  B^rard  in  their  researches  into  the 
f  specific  heat  of  the  gases.*  Its  principle  is  explained 
by  M.  Biot,  in  his  "  Traite  de  Phyaque,"  tome  i. 

When  large  quantitira  of  gas  are  required  (as  at  a 
public  lecture),  the  gas-holder  will  be  found  extremely 
usefril.    It  is  made  of  tinned  iron  plate,  japanned  both 
within  and  without.     Two  short  pipes,  a  and  «,  ter- 
minated by  cocks,  proceed  from  its  sides,  and  another,  b, 
passes  through  the  middle  of  the  top  or  cover,  to  which 
it  is  soldered,  and  reaches  within  half  an  inch  of  the 
bottom.     It  will  be  found  convenient  also  to  have  an 
air  cock,  with  a  very  wide  bore,  fixed  to  the  funnel 
at  b.    When  gas  is  to  be  transferred  into  this  vessel 
from  the  gasometer,  the  vessel  is   first  completely  filled  with  water   through  the 
funnel,  the  cock  a  being  left  open  and  e  shut.    By  means 
of  a  hroizontal  pipe,  ike  aperture  a  is  connected  with  a 
of  the  gasometer.     The  cock  b  being  shut,  a  and  e  are 
opened,  and  the  vessel  e  of  the  gasometer  gently  pressed 
downwards  with  the  hand.     The  gas  then  descends  from 
the  gasometer  till  the  air-holder  is  full,  which  may  be 
known  by  the  water  ceasing  to  escape  through  the  cock  e. 
All  the  cocks  are  then  to  be  shut,  and  the  vessels  disunited. 
To  apply  this  gas  to  any  purpose,  an  empty  bladder  may 
be  screwed  on  a,  and  water  being  poured  through  the 
funnel  b,  a  corresponding  quantity  of  gas  is  forced  into  the 
bladder.    By  lengthening  the  pipe  b,  the  pressure  of  a 
column  of  water  may  be  added;   and  the  gas  being 
forced  through    a  with    considerable  velocity,  may  be 
applied  to  the  purpose  of  a  blow-pipe,  &c.     The  ap- 
paratus admits  of  a  variety  of  modifications.    The  most  useful  one  appears  to  me  to 
be  that  contrived  by  Mr.  Pepys,  consisting  chiefly  in  the  addition  of  a  shallow  cis- 
tern (0,  as  represented  above)  to  the  top  of  the  air-holder,  and  of  a  glass  register  tube, 
/,  which  shows  the  height  of  the  water,  and  consequently  the  quantity  of  gas  in  the 
vesseL 

*  "Ann.  de  Chim.,"  Ixxxv.  224. 
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Perhaps  the  most  conTenient  yessel  for  Btoring  oxygen  in  large  quantities,  may  be 
formed  out  of  a  carboy,  as  I  shall 
explain. 

The  carboy  itself  is  furnished 
with  a  brass  collar  b,  to  which 
are  attached  two  stop-cocks  s 
and  /,  To  the  stop-cock  /  is 
represented  in  the  cut  a  syphon 
{e)  attached.  The  syphon,  how- 
ever, admits  of  remoyal,  and  is 
only  employed  whilst  the  opera- 
tion of  filling  the  carboy  with 
gas,  t.e,  emptying  it  of  water, 
goes  on.  To  the  stop-cock  a  is 
attached  a  piece  of  gas-pipe  o, 
and  this,  in  its  turn,  is  attached 
to  the  wrought-iron  bottle,  de- 
scribed at  page  178. 

The  arrangement  being  as 
described,  it  is  evident  that  if 
gas  be  forced  into  the  carboy 
through  the  stop-cock  «,  water 
will  run  out  through  the  syphon  e  until  the  carboy  is  full  of  gas. 

When  fiUed,  the  two  stop-cocks  are  turned, 
the  syphon  and  the  tube  a  removed,  and  a 
funnel  screwed  on  to  «,  as  represented  in  the  an- 
nexed cut.  The  action  of  the  instrument  will 
now  be  evident  at  a  glance. 

If  water  be  poured  into  the  funnel/,  it  follows 
that  gas  must  emerge  through  the  stop-cock  e, 
and  thence  wherever  required.  It  remains  to  be 
stated,  that  in  the  diagram  the  carboy  is  represented 
as  unprotected.  This  was  done  for  the  sake  of 
securing  clearness  of  illustration ;  but  in  practice 
the  carboy  is  placed  on  a  box  in  the  midst  of  saw- 
dust, the  neck  only  projecting ;  the  box,  moreover, 
is  attached  to  castors. 
The  gasometer,  already  described,  is  fitted  only  for  the  reception  of  gases  that  are 
confinable  by  water ;  because  quicksilver  would  act  on  the  tinning  and  solder  of  the 
vessel,  and  would  not  only  be  spoiled  itself,  but  would  destroy  the  apparatus.  Yet  an 
instrument  of  this  kind,  in  which  mercury  can  be  employed,  is  peculiarly  desirable, 
on  account  of  the  great  weight  of  that  fluid,  which  makes  the  employment  of  large 
quantities  of  it  both  inconvenient  and  costly ;  and  two  varieties  of  the  mercurial 
gasometer  have  therefore  been  invented.  The  one,  of  glass,  is  the  contrivance  of  Mr. 
Olayfield,  and  is  represented  in  the  plate  prefixed  to  Sir  H.  Davy's  8vo  volume  of 
*^  Researches,"  published  in  1800.  In  the  other,  invented  by  Mr.  Pepys,  the  cistern 
for  the  mercury  is  of  cast-iron.  A  drawing  and  description  of  it  may  be  found  in  the 
fifth  volume  of  the  ^*  Philosophical  Magazine ;"  but,  as  neither  of  these  instruments 
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are  easential  to  the  ehemical  itadent,  and  as  they  axe  required  only  in  ezporimentt  of 
researcliy  I  deem  it  sufficient  to  refer  to  the  minute  desciipliomi  of  their  reepectiye  in- 
ventors. Mr.  Newman  has  lately  joined  a  gasometer  of  this  kind  to  an  improved  and 
most  useful  mercurial  trough,  hy  means  of  which  the  advantages  of  both  are  obtained 
with  only  60  or  70  pounda  of  quicksilver.  A  description  and  drawing  of  this  apparatus 
is  given  in  the  '^  Quarterly  Xoumal  of  Science/'  i.  186.  The  fallowing  desoriptuHi  wiU 
,  suffiee  f<»r  moat  purposes. 

Fig.  1,  is  a  front  view;  Fig.  2,  a  section;  and  Fig-^S,  a  view  looking  down  from 
above  into  the  cavity  of  the  trough.  A,  the  glass*bell  o€  the  gasometer,  shown  about 
half  full  of  gas ;  B^  the  exterior  vessel  of  the  gasometer.     In  Fig.  l^  the  oemkra}  s<^d 


Tig,  1. 


Fig*  2. 


part,  which  fills  the  cavity  of  the  bell  when  depressed  as  far  as  it  will  go,  is  sholjni  by 
dotted  lines,  as  also  is  a  small  iron  tube,  on  which  the  letter  B  stands.  This  tube  con- 
veys the  gases  &om  the  small  bell-shaped  vessel  £,  in  whicb  they  are  first  received,  into 
the  receiver  A  of  the  gasometer.  In  Fig.  2,  this  tube  is  marked  b  b,  and  may  be  seen 
rising  a  little  above  the  mercury,  which  is  thus  prevented  from  falling  into  it*  In 
Fig.  3,  the  termination  of  this  pipe  is  marked  by  a  circle,  close  to  the  letter  6. 

D,  Fig.  I,  one  of  the  sides  of  the  cistern 
for  containing  mercury;  at  G  the  cistern 
has  a  semi-cylindrical  cavity  seen  more  dis- 
tinctly in  Fig.  2.  F  is  a  small  tube  opening 
into  the  gasometer^  and  also  wider  one  of 
the  small  holes  iiiy  Fig.  3.  By  means  of 
this  tube,  a  small  poilion  of  gas  may,  at  any 
time,  be  transferred  from  the  gasometer 
into  a  narrow  test  tube  or  other  veaseL  H 
is  a  deep  circular  cavity,  or  well,  into  which 
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a  long  tube,  or  jar  may  occasionally  be  immersed,  when  it  is  neceasaxy  to  have  the  mercury' 
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at  the  same  level  -within  and  without.  I,  is  a  receiver  into  which  gas  is  supposed  t6  be 
pastmg  from  a  retort  heated  by  the  spirit  lamp  K.  This  lamp,  by  means  of  a  pillar  aild 
sodcet,  may  be  raised  or  lowered  at  pleasure,  and  is  secured  at  any  desired  height  by  a 
spring.  K,  a  Volta's  Eudiometer,  secured  by  an  upright  pillar  L,  in  which  is  a  spring  to 
dimiftiwh  the  recoil  on  firing  any  gases.  This  is  moveable,  and  is  fixed  when  wanted 
to  the  side  of  the  trough  by  the  screws  M.  0  0,  a  sheet  iron  tray,  intended  to  collect 
any  mercury  that  may  be  spilled  out  of  the  trough. 

For  those  gases  that  are  absorbed  by  water,  a  mercurial  trough  is  necessary.  For 
the  mere  exhibition  of  a  few  experiments  on  these  condensable  gases,  a  small  wooden 
ti»iii^  deven  inches  long,  two  wide,  and  two  deep,  cut.out  of  a  solid  block  of  mahogany, 
ia  Mdficiemt ;  but,  for  experiments  of  research,  one  of  cast  iron,  of  considerable  size,  is 
re^iiired.  Yery  eottvement  mercurial  troughfi,  on  a  small  scale,  are  now  made  of 
porcelain. 

The  apparatus  required /or  svhmitting  gases  to  the  action  of  electricity,  is  shown  under- 
neath, where  a  represents  tiie  knob  of  the  prime  conductor  of  an  dectfical  machine ;  &,  d 
Leyden  jar,  the  ball  of  which  is  in  contact  with 
it,  as  when  in  the  act  of  charging ;  ai^  « the 
tube  standing  inverted  in  mercury,  and  partly 
filled  with  gas.  The  mercmry  is  contained  in 
a  fltronjg  wooden  bo3t  d,  to  whidi  is  screwed 
the  upright  iron  pillar  ^,  with  a  sliding  collar 
.  for 'seeuzing  the*  tube  (r  in  a  perpendicular 
position.  When  th^  jar  b  is  chatiged  to  *  Oet- 
tain  intensity,  it  discharges  iUielf  between  the 
knob  u  and  the  small  baU «,  which,  withi  the 
wire  connected  with  it,  may  be  occasionally 
fitted  on  the  top  of  tube  c.    The  streingth  of 

the  shocks  is  regulated  by  the  distance  betw^een  a  and  ««  By  the  same  apparatus, 
infiammable  mixtures  of  gases  may  be  exploded  byelectrioity.  In  this  case,  however, 
the  jar  h  is  unnecessary,  a  spark  received  by  «  from  a  being  sufficient  to  kindle  the 
mixture. 

The  method  of  ioeighiitg  gases  is  v^ry  simple,  anJ  easily  l^aciked.  For  thfe  pur- 
pose, however.  It  is  necessary  to  be  provided  with  a  good  air-pump,  and  with  a  globe  or 
flask  J,  ftimished  with  a  brass  cap  and  air-cock.  A  graduated  receiver  is  also  requiredj 
to  which  an  air-cock  is  adapted,  as  shown  underneath. 

Supposing  a  receiver  to  be  filled  with  any  gas,  the  weight  of  which  is  to  be 
ascertained,  we  screw  the  cock  of  the  vessel  b  on  the  transfer  plate 
of  an  tur-pump,  and  exhaust  it  as  completely  as  possible.  The  weight 
of  the  exhausted  vessel  is  then  very  accurately  token,  even  to  a  small 
fraction  of  a  grain,  and  it  is  screwed  upon  the  air-cock  of  the  re- 
ceiver. On  opening  both  cocks,  the  last  of  ^hich  should  be  tUmed  very ' 
gradually,  the  gas'  ascends  from  the  receiving  vessel,  and  thfe  ^u'an-' 
tity  which  enters  into  the  flask  is  known  by  the  graduisitM  scale.  On^ 
Weighuig  the  vessel  a  second  time,  we  ascertain  how  many  grains  have  been  admitted. 
If  we  have  operated  on  common  air  W6  shall  find  its  weight  to  be  at  the  rate 
of  about  31  gra^s  to  100  cubical  inches,  as  already  explained.  The  same  qnantity 
of  oxygen  gfts  win  weigh  about  34  grains,  and  of  carbonic  acid  gas  upward  of  47 
grains. 
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In  experiments  of  this  kind  it  is  necessary  either  to  operate  with  the  barometer  at 
30  inches,  and  the  thermometer  at  60^  Fah.,  or  to  reduce  the  volume  of  gas  employed 
to  that  pressure  and  temperatyre,  by  rules  which  will  presently  be  given.  Great  care 
IB  to  be  taken,  also,  not  to  warm  any  of  the  vessels  by  contact  with  the  hands,  from 
which  they  should  be  defended  by  a  glove.  On  opening  the  communication  between 
the  receiver  and  the  exhausted  globe,  if  any  water  be  lodged  in  the  air-cock  attached 
to  the 'former,  it  will  be  forcibly  driven  into  the  globe,  and  the  experiment  will  be 
frustrated.  This  may  be  avoided  by  using  great  care  in  filling  the  receiver  with  water 
before  passing  into  it  the  gas  under  examination. 

The  specie  gravity  of  any  gas  compared  with  common  air  is  readily  known  when 
we  have  once  determined  its  absolute  weight.  Thus,  if  100  cubic  inches  of  air  weigh 
^1  grains,  omitting  fi»ctions,  and  the  same  quantity  of  oxygen  gas  weighs  34  graios, 
we  say, 

31  :  34  : :  I'OOO  :  1164. 

The  specific  gravity  of  oxygen  gas  will  therefore,  according  to  this  calculation,  be  aa 
1*164  to  I'OOO.  We  may  determine,  also,  the  specific  gravity  of  gases  more  simply  by 
weighing  the  flask,  first,  when  full  of  common  air,  and  again  when  exhausted ;  and 
afterwards  by  admitting  into  it  as  much  of  the  gas  under  examiuAtion  as  it  will 
receive ;  and  weighing  it  a  third  time.  Now,  as  the  loss  between  the  first  and  second 
weighing  i&  to  the  gain  of  weight  on  admitting  the  gas,  so  is  common  air  to  the  gas 
whose  specific  gravity  we  are  estimating.  Supposing,  for  example,  that  by  exhausting 
tke  flask  it  loses  31  grains,  and  that  by  admitting  carbonic  acid  it  gains  47 ;  then 

31  :  47  ;:  1*000  :  1-616. 
The  specific  gravity  of  carbonic  acid  is  therefore,  according  to  this  calculation,  1*516, 
air  being  taken  at  1*000.  And,  knowing  its  specific  gravity,  we  can,  without  any 
farther  experimeBt,  determine  the  weight  of  100  cubic  inches  of  carbonic  acid ;  for,  as 
the  specific  gravity  of  air  is  to  that  of  carbonic  acid,  so  is  31  (or  any  o&er  more 
accurate  weight  of  100  inches  of  air)  to  the  number  required;  or 

1*000  :  1*516  : :  31  :  47  nearly.  , 

One  hundred  inches  of  carbonic  acid,  therefore,  will  weigh  about  47  grains. 
.    Fxactice  in  KanipulatioA. — ^Previously  to  undertaking  experiments  on  other 
gases,  it  may  be  well  for  an  unpractised  experimentalist  to  acquire  manual  dexterity 
by  transferring  common  air  from  one  vessel  to  others  of  different  sizes,  in  the  following 
manner: — 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water,  and  held  with  its 
mouth  downwards,  in  however  small  a  quantity  of  water,  the  fluid  is  retained  in  its 
^lace  by  the  pressure  of  the  atmosphere  on  the  surface  of  the  exterior  water.  Fill  in 
this  manner,  and  invert,  on  the  shelf  of  the  pneumatic  trough,  one  of  the  jars,  which  is 
furnished  with  a  stopper.  The  water  will  remain  in  the  jar  so  long  as  the  stopper  is 
olosed ;  but  immediately  on  removing  it,  the  water  will  descend  to  the  same  level 
within  as  without ;  for  it  is  now  pressed  equally  upwards  and  downwards  by  the 
atmosphere,  and  falls,  therefore,  in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  one  of  the  funnelB  of  the  shelf  of 
the  pneumatic  trough.  Then  take  another  jar,  filled  (as  it  will  be  of  course)  with  atmo- 
spherical air.  Place  the  latter  with  its  mouth  on  the  surface  of  the  water ;  and,  on 
pressing  it  in  the  same  position  below  the  surface,  the  included  air  will  remain  in  its 
situation.    Bring  the  mouth  of  the  jar  beneath  the  funnel  in  the  shel^  and  incline  it 


Digiti 


zed  by  Google 


HR.  CAYISNDISH'S  APPARATUS.  185 


gradually.  The  air  will  now  rise  in  bubbles,  througli  the  funnel,  into  the  upper  jar, 
and  will  expel  the  water  tram  it  into  th(9  trough. 

3.  Let  one  of  the  jars,  prorided  with  a  stop-cock  at  the  top,  be  placed  fall  of  air  on 
the  shelf  of  the  trough.  Screw  upon  it  an  empty  bladder ;  open  the  communication 
between  the  jar  and  the  bladder,  and  press  the  former  into  the  water.  The  air  will 
then  pass  into  the  bladder  till  it  is  filled ;  and,  when  the  bladder  is  removed  from  the 
jar,  and  a  pipe  screwed  upon  it,  the  air  may  be  again  transferred  into  a  jar  inverted 
in  water. 

For  the  purpose  of  transferring  gases  firom  a  wide  vessel  standing  over  water,  into 
a  small  tub^  filled  with  and  inverted  over  mercury,  I  have  long  used  the  following 
simple  contrivance  of  Mr.  Cavendish.  A  tube  eight  or  ten  inches  long,  and  of  very 
small  diameter,  is  drawn  out  to  a  fine  bore,  and  bent  at  this  end,  so  as  to  resemble  the 
italic  letter  I,  The  point  is  then  immersed  in  quicksilver,  which  is  drawn  into  the 
tube  till  it  is  filled,  by  the  action  of  the  mouth.  Placing  the  finger  over  the  aperture 
at  the  straight  end,  the  tube  filled  with  quicksilver  is  next  conveyed  through  the 
water,  with  the  bent  end  uppermost,  into  an  inverted  jar  of  gas.  When  the  finger  is 
removed,  the  -  quicksilver  falls  from  the  tube  into  the  trough,  or  into  a  cup  placed  to 
receive  it,  and  the  tube  is  filled  with  the  gas.  The  whole  of  the  quicksilver,  however, 
must  not  be  allowed  to  escape ;  but  a  column  must  be  left,  a  few  inches  long,  and 
must  be  kept  in  its  place  by  the  finger.  Bemove  the  tube  from  the  water;  let  an 
assistant  dry  it  with  a  towd  or  with  blotting-paper,  and  introduce  the  point  of  the 
bent  end  into  the  aperture  of  the  tube  standing  over  the  quicksilver.  On  withdrawing 
the  finger  firom  that  aperture  which  is  now  uppermost,  the  pressure  of  the  column  of 
quicksilver,  added  to  the  weight  of  the  atmosphere,  will  force  the  gas  from  the  bent 
tube  into  the  one  standing  in  the  mercurial  trough. 

Rides  fog  Conducting  Sxpeiiments. — It  is  necessary  to  observe  the  precise 
quantity  of  gas  at  the  commencement  and  dose  of  an  experiment,  and  also  that  the  baro- 
meter and  thermometer  exactiy  correspond  at  both  periods.  An  increased  temperature, 
or  a  fkll  of  the  barometer,  augments  the  apparent  quantity  of  gas ;  and  a  reduced  tempe- 
rature, or  a  higher  barometer,  diminishes  its  bulk.  Another  circumstance,  an  attention 
to  which  is  indispensable  in  all  accurate  experiments,  is  that  the  surface  of  the  fluid, 
'  by  which  the  gas  is  confined,  should  be  precisely  at  the  same  level  within  and  without 
the  jar.  If  the  fluid  be  higher  within  the  jar,  the  contained  gas  will  be  under  a  less 
pressure  than  that  of  the  atmosphere,  the  weight  of  which  is  counterpoised  by  that  of 
the  column  of  fluid  within.  In  mercury,  this  source  of  error  is  of  very  considerable 
amount ;  as  any  person  may  be  satisfied  by  raising,  above  the  surface  of  the  quick- 
silver of  a  trough,  a  tube  partiy  filled  with  that  fluid,  and  partly  with  air,  for  the 
volume  of  the  air  will  enlarge  as  the  surface  of  the  mercury  within  the  tube  is 
elevated  above  the  outer  surface. 

In  experiments  on  gases,  it  is  not  always  possible  to  begin  and  conclude  an 
experiment  at  precisely  the  same  temperature,  or  with  the  same  height  of  the  barome- 
ter ;  or  even  to  bring  the  mercury  within  and  without  the  receiver  to  the  same  level. 
Ii^  these  cases,  therefore,  calculation  becomes  necessary ;  and,  with  the  view  of  com- 
paring results  more  readily  and  accurately,  it  is  usual  to  reduce  quantities  of  gas  to 
the  bulk  they  would  occupy  imder  a  given  pressure  and  at  a  given  temperature.  In 
tiiis  country,  it  is  now  customary  to  assume  as  a  standard  30  inches  of  the  barometer, 
and  60^  of  Fahrenheit's  thermometer,  and  to  bring  to  these  standards  observations 
made  under  other  degrees  of  atmospheric  pressure  and  temperature.    The  rules  for 
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these  coxrectiozLfl)  irhioh  tare  suflcieiitly  simple^  have  already  been  giren  iiaier  a  di^rent 
head.    A  recapitulation  of  rules,  howeTer,  ^nSl  be  desirable ;  they  are  is  foUowB  :--^ 

♦ 

BULES  FOB  BEBUCIKQ  THE  VOLUMB  OF  GASES  TO  A  MEAN  HEIGHT  OF  THE  BABOMBTE% 
AND  MEAN  TEMFEHATUEE. 

1.  J^0t»  th4  apaei  oeti^tied  iycwif  guatOUy  ofgtu  und&r  <m  oburpid  iegru  ofpnt$miir4y 
to  w^fer  what  iti  wlume  tocuid  he  trndtr  the  mtan  haiffht  of  the  beromitery  tMug  thia  ai 
30  inches,  as  is  now  most  usual. 

This  is  done  by  the  rule  of  proportion ;  for,  as  the  mesn  height  ur  to  the  observed 
height)  so  is  the  observed  volume  to  the  volume  requited.  For  ezample,  if  %re  irtdi 
to  know  what  space  wotdd  be  filled,  under  a  pressure  of  80  inched  of  meroory,  by  a 
quantity  of  gM,  which  fill»  100  inches,  when  the  barometer  is  at  29  inches, 

30  :  2e  : :  100  :  96*66. 
The  100  inches  wonldi,  therefore,  be  rednced  to  96*66. 

2.  Xb  estimate  tohat  would  be  the  volume  of  a  portion  of  gas^  if  brought  to  any  required 
temperature. 

If  the  temperature  of  the  gas  is  above  32°  Fah.  multiply  its  total  volume  by  490, 
and  divide  the  product  by  490,  plus  the  number  of  degrees  Chat  the  temperature  of  the 
gas  exceeds  32^  Fah.  By  tliis  process  we  obtain  the  space  that  the  gas  would  occupy 
at  32**  Fah. 

To  determine  its  volume  at  any  other  temperature,  add  ^  of  the  volume  at  32*  for 
eacH  degree  that  the  temperature  required  exceeds  32''  Fah. 

Thus,  to  find  what  space  100  cubic  inches  of  gas  at  50°  would  occupy  if  raised  to  60, 
100  X  490 


490  +  18 


=  96-4  =  the  volume  at  l%\ 


And  96-4  +  ^^'^^^-  =  101-9,  the  volume  at  60'. 

3.  In  some  cases  it  is  necessary  to  make  a  double  correction,  or  to  bring  the  gae  to  a 
mean  bath  of  the  barometer  and  thermometer.  We  must  thenfirst  cozrect  the  temperature^ 
and  afterwards  the  pressure.  Thus,  to  know  what  space  100  inches  of  gas  at  ^O*' 
Fahrenheit  and  29  inches  barometer  would  fill  at  60°  Fahrenheit  and  80  inches 
barometer,  we  first  convert  the  100  inches,  by  the  second  process^  ta  102.  Then,  by 
the  first, 

30  :  29  :  :  102  :  98*6 ; 

or  100  inches,  thus  corrected,  would  h%  only  98*6..     . 

4.  To  ascertain  what  would  be  the  absolute  weight  of  a  given  volume  of  gas  at  a  mean 
temperature,  from  the  known  weight  of  an  equal  volume  at  wny  other  temperature, — 
First,  find  by  the  second  process  what  would  be  its  bulk  at  a  mean'temperatore ;  and 
then  say^  as  the  corrected  bulk  is  to  the  actual  weight,  so  is  the  observed  bnlk  to  the 
number  required.  Thus,  if  we  have  100  cubic  inches  of  gas  weighing  60  grains  at  W 
Fahrenheit,'  if  thd  temperature  were  raised  to  60**,  they  wonld  expand  to  103*6.    And 

lt)3*6  :  60  : :  100  :  45*4. 
Therefore  100  inches  of  the  same  gas  at  60°  would  weigh  49*02  grains. 

5.  To  learn  the  absolute  weight  of  a  given  volume  of  gas  under  a  mean  preuure,  from 
its  known  weight  under  an  observed  pressure, — say,  as  the  observed  pressore  is  to  the 
mean  pressure,  so  is  the  observed  weight  to  the  conreeted  weight.    For  example^ 
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haying  100  inches  of  gas  which  weigh  60  grains  iind^r  a  pressure  of  29  inches,  to  know 
what  100  inches  of  the  same  gas  wdaM  weigh,  the  barometer  heing  30  inches, 

29  :  30  : :  50  :  61-72. 
Then  100  inches  of  the  same  gas,  under  30  inches  pressiire,  would  weigh  61'72  grains. 
6.  In  some  cases  it  is  necessary  to  combine  the  two  last  calculations.  Thus,  if  100 
inches  of  gas  at  60"  Fahrenheit,  and  under  29  inches  pressure,  weigh  60  grains,  to  find 
what  would  be  the  weight  of  100  inches  at  60°  Fahrenheit,  and  under  30  inches  of  the 
barometer,  first  correct  the  temperature,  which  reduces  the  weight  to  45*4  grains. 
Then, 

29  :  30  :  :  45'4  :  47. 

!  One  hundred  inches,  therefore,  would  weigh  5071  grains. 

Cozzectlons  fox  Moistiure  in  Gases-^Another  con«ction,  which  it  is  often 
necessary  to  make  in  taking  the  weight  of  gases,  is  for  the  quantity  of  aqueous  vapour 
difiused  through  them.  It  is  obvious  that  all  gases,  which  are  specifically  heavier  than 
aqueous  vapour,  must  have  their  specific  gravity  diminished  by  admixture  with  steiCm ; 
and,  on  the  contrary,  all  gases  that  are  specifically  lighter  than  steam  must  have  their 
specific  gravity  increased  by  that  admixture.  For  the  following  formulse  we  are 
indebted  to  Mr.  Dalton : — 

At  ordinary  temperatures,  the  tension  or  elasticity  of  aqueous  vapour  varies  ftom 
■  -jhs  ^  -^  0^  ^6  whole  atmospheric  pressure ;  in  the  present  case,  it  is  supposed  to  be 
•  a  given  quantity.  The  specific  gravity  of  pure  steam  compared  with  that  of  common 
,  air,  imder  like  circumstances  of  temperature  and  pressure,  is,  according  to  Gay  Lussac, 
:  a*  0*620  to  1. 

Let  a  =  weight  of  100  cubic  inches  of  dry  common  air,  at  the  pressure  30  inches, 
aad  temperature  60'  Fah.  *  p  =  any  variable  pressure  of  atmospheric  air;  and  /  = 
'  ptessui©  or  tension  of  vapour  in  any  moist  gas.  Then  the  fallowing  formulse  will  be 
found  useftil  in  calculating  the  volumes,  weights,  and  specific  gravities  of  dry  and 
moist  gases ;  patting  M  for  the  volume  of  moist  gas ;  D  for  that  of  dry  gas ;  and 
V  for  that  of  vapour— all  of  the  same  pressure  and  temperature. 


1.     MasD-fV. 


3. 


P 


2.    -Pir/lf^:!). 
P 

4.    M  =  i^^    =  ^. 


P^f  f 

If  we  wish  to  infer  the  specific  gravity  of  any  dry  gas  from  the  observed  specific 
gravity  or  weight  of  the  same  mixed  with  vapour,  H  w^  be  convenient  to  expound  p 
by  that  particular  value  which  corresponds  with  a,  namely,  30 'inches  of  mercury ;  and 
let  « :=  the  specific  gravity  of  the  dry  grass,  and  «7  =  the  observed  weight  of  100  cubic 
inches  of  the  moist  gas.  .... 

Then  we  shall  have  the  following,  m. : 


6. 


-6. 


80  p 

(iff-^i  y,  -620  a,) 


30 


30— /» 
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BXSMFLmCATION*. 

1.  98  vol.  dry  air  +  2  vol.  vapour  =  100  vol.  of  moiat  air, 

2.  Given  p  =  30,/  =  -5,  and  M  =  100. 

Then  ^-^^.  M  =  D,  the  dry  air,  =  98J. 

3.  And  ^  M  =  V,  the  vapour,  =  If. 

4.  Given  D  =  100,  p  =  30,/=  -4. 

Then   ?i21i??  =  101-35,  the  moist  air. 
29-6, 

Given  V*  =  2,  i>  =  30,/  =  -3. 

Then    ^^  ^  ^  =  200,  the  moist  air. 


5.  Let/==  -6,  8  =  1-111,  a  =  30*5,  p  =  29'6, 


Then 


30  ~-6 


1-111  X  30-5   + 


29-5 


X  -62  X  30-5  =  33-64  =  tr, 


30^ 
which  gives  the  specific  gravity  1*103. 

0.  Let/,  «,  and  p,  as  above,  and  to  =  2-5,  corresponding  to  sp.  gr.  0-8197. 

^«"  •  =  -WE^5^^'  -  m ""  ■'' ^ "^'^  =  o^^*"- 

The  above  formulse  apply  equally  well  if  V  be  a  permanent  gas,  or  any  other  vapour* 
beside  that  of  water,  the  specific  gravity  of  the  gas  or  vapour  being  substituted  instead 
of  *620,  that  of  steam. 

The  correction  respecting  gases,  most  frequently  required  in  the  laboratory,  is  for 
moisture  ;  for  it  is  scarcely  possible  to  obtain  any  gas,  artificially  deprived  of  aqueous 
vapour,  in  quantity  sufficient  to  be  weighed  in  that  state.  It  is  better,  therefore,  to 
weigh  the  gas  charged  with  the/ull  quantity  of  moisture  due  to  its  temperature,  which 
it  will  soon  be  if  allowed  to  remain  in  contact  with  water ;  and  then  to  calculate  what 
would  be  the  weight  of  the  same  volume  entirely  free  from  aqueous  vapour.  This  may 
be  done  by  the  following  rule,  in  exemplifying  which  100  cubic  inches  of  moist 
atmospheric  air,  at  OO""  Fah.  and  30°  bar.,  are  assumed  to  weigh  31  f  grains.  Find  the 
force  of  vapour  at  that  temperature  by  Mr.  Balton's  table,  which  is  0*524. 

Then  30  :  0*524  : :  100  :  1*747  =:  the  volume  of  aqueoiis  vapour  in  100  inches  of 
moist  air  at  60°. 

And  as  100  cubic  inches  of  aqueous  vapour  weigh  19  grains,  1*747  cubic  inches 
must  weigh  0*3368  grain. 

Next,  from  the  weight  of  100  cubic  inches  moist  air    .        •        .        .      31* 

Subtract 0*3368 


30-6632 
*  It  is  easy  to  see  that  V,  in  thin  and  thn  other  enses,  mostly  will  denote  a  virtual  volnme  only ; 

or  such  as  would  result,  if  the  vapour  were  condensable  like  a  gas,  without  being  convertible  into  a 

liquid. 

t  In  order  not  to  disturb  the  oaleulation,  this  number  is  allowed  to  remain ;  althongh  it  is  slightly 

disoordant  with  recent  determination  of  the  weight  of  atmospheric  air,  which,  as  we  have  seen  at 

page  166,  is  generally  admitted  to  be  something  more  than  SI  grains,  the  point  not  being  as  yet 

made  out  with  more  exactness. 
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We  have  then  the  weight  of  100  —  1*747  =:  98'253  cubic  inches  dry  air,  viz.^ 
30*6632  grains. 

And  98*253  :  30*6632  : :  100  :  31*214. 

The  weight,  then,  of  100  cubic  inches  dry  air,  at  80  inches  bar.  and  60"*  Fah.,  is 
31-214  grains. 

The  specific  gravity  of  any  other  gas  compared  with  common  air  is  then  easily 
determined.  For  as  the  weight  of  100  cubic  inches  of  dry  common  air  is  to  the  weight 
of  100  cubic  inches  of  any  other  dry  gas,  so  is  unity  to  the  number  required. 

CaloKle  as  Occafltoning  the  Spheroidal  State  of  Fluids.— Until  the 
researches  of  M.  Boutigny  d*Evreux,  philosophers  had  been  accustomed  to  speak  of 
three  conditions  of  physical  state  as  assumed  by  bodies  in  reference  to  caloric— namely, 
the  conditions  of  solid,  liquid,  and  vapour,  or  gas ;  nevertheless,  the  phenomenon  of 
dpheraidieitf/,  or  calefaction,  as  it  is  sometimes  denominated,  must  have  been  noticed  at 
periods  of  very  remote  antiquity,  and,  indeed,  was  probably  taken  advantage  of  in  the 
performance  of  so-called  miracles,  such  as  passing  the  ordeal  of  fire  unscathed, 
handling  molten  metals,  and  other  feats  of  a  similar  kind.  The  first  person  who 
happened  to  heat  a  piece  of  flint,  a  morsel  of  granite,  or  any  metal,  and  allowed  some 
drops  of  water  to  fall  upon  either  of  these  heated  bodies,  must  have  remarked  that, 
under  these  circumstances,  the  water  would  not  comport  itself  as  under  the  more 
ordinary  conditions  of  applying  the  source  of  heat  to  the  solid  body  having  water 
or  other  Hquid  upon  its  surface  from  the  first.  Still,  however,  the  curious  phenomena 
in  question  do  not  appear  to  have  been  noticed  with  any  view  to  their  generalization 
until  the  latter  part  of  the  last  century,  when  certain  physycists  began  to  analyze  the 
ratUmaU  of  the  peculiarity.  Amongst  the  first  of  these  observers  was  Leidenfrost,* 
since  which  time  the  small  number  of  natural  philosophers  who  have  occupied  them- 
selves with  investigating  this  phenomenon  have  scarcely  added  anything  either  to  the 
list  of  experiments  bearing  upon  it  or  contributed  to  its  theoretic  explication.  Fvery 
pe^on  almost  has  observed,  that  when  some  drops  of  water  are  allowed  to  fall  upon  a 
capsule  made  red  hot,  this  water,  far  from  distributing  itself  over  and  wetting  the 
metallic  surface,  assumes  the  condition  of  globules,  which  roll  upon  the  surface  without 
adhering  to  it.  This  is  the  primary  fact—this  the  point  du  depart  of  M.  Boutigny's 
researches. 

In  books  on  physics,  writers  imtil  lately  have  contented  themselves  by  saying  that 
water  when  brought  into  contact  with  an  incandescent  surface,  does  not  adhere  to  it} 
but  evaporates  more  slowly  than  when  brought  gradually  and  under  ordinary  circum- 
stances to  the  temperature  of  ebullition ;  thus  leaving  the  phenomenon  itself  without 
any  satisfactory  explanation. 

When  a  few  drops  of  water  are  projected  upon  a  slightly  concave  plate  of  silver  at 
the  ordinary  temperature,  the  liquid  moistens  the  surfiice  of  the  plate  and  adheres  to 
every  point  of  contact*  If  this  plate  be  now  heated  by  means  of  a  spirit  lamp  or  other 
convenient  flame,  the  watef,  on  being  brought  to  the  temperature  of  212°  Fah.,  evolves 
vapour,  and,  due  time  being  afforded,  completely  evaporates.  But  if,  before  pouring  in 
the  water,  the  capsule  be  heated  conisiderably  above  212°,  say  to  287  or  288''  Fah., 
then  the  nature  of  the  resulting  phenomenon  changes  altogether.  The  water  now 
ceases  to  adhere  to  the  silver  capstde ;  does  not  extend  over  its  surface ;  doubles  back 
on  itself,  so  to  speak,  and  assumes  the  form  of  an  oblate  spheroid.  The  temperature 
hitherto  fixed  at  212°  Fah.  now  suddenly  becomes  lowered  to  212°  —  «,  and  remains  per- 
*  De  aqn®  communis  qaalitatibus— Duisbonr^,  1790. 
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maneoilj  at  this  degree,  notwithfltasAiQg  the  appUcation  of  any  inaremeiit  of  lieat. 
The  eyaporation,  far  from  being  increased  by  this  elevation  of  temperatqxe,  dimunduii; 
water  thus  circumstanced  requiring  at  least,  a  fiAy-fbId  l<mger  period  for  tiw  came 
amount  of  evspoiation  ibaa  it  would  if  merely  wbjeeted  to  the  taBparatoe  of 
ebullition. 

Lastly,  the  oblate  spheroid  becoBtes^  with  peculiar  undnlatory  noTenents,  p«r£ictly 
vidble,  and  presents  the  greatest  analogy  with  those  produced  by  eonowus  hodam 
whilst  in  the  act  of  yibratioa.  The  same  expeiime&t,  repeated  with  varioos  other 
Uquids,  affords,  in  ahnost  all  cases,  a  aiiiiiln*  Msult,  Tarying  OBsiy  as  the  nomialbaflbig 
point  yaries  of  the  liquid  under  treatment. 

3uch  are  the  chief  phenomena,  such  are  tiie  new  laws  which  liquids  obey,  finem  the 
period  when  they  cease  to  be  submitted  to  the  ordinary  law  of  equiUbriniA  of  tempeni«> 
ture,-«^a  law  whioh  is  only  exercised  within  determinate  limits,  and  a  narrow  i^gfii  oi 
conditions. 

The  following  are  some  experiments  by  the  aid  of  which  tiie  phenomena  I  h«^ 
been  describing  may  be  rendered  sensible.  If  a  portion  of  some  very  eenbusfible  Jbody 
be  taken — nitrate  of  ammonia,  for  example,  which  inflames  at  a  very  low  tenpeni*- 
ture-— and  if  it  be  projected  upon  a  ci^psule  of  platinum,  maintained  at  a  red  heat,  the 
salt  will  enter  intb  fnsian,  will  assume  the  spheroidal  condition,  will  neither  bum 
nor  decompose  otherwise  than  very  slowly.  Bemove  bow  the  souiee  of  heat  fam,  thfe 
platinum,  allow  the  plate  to  grow  cool  to  the  degree  at  which  the  nitrate  of  aw^yi^iwiy^ 
ordinarily  inflames,  when  fusion  and  combuation  will  at  once  take  plsce.  This  ea^* 
runent  affords  a  singular  example  of  a  very  oembuatible  body  refusing  to  bum  undbor 
circumstances  which  seem  to  be  most  favoiirable  to  combustloxi,  and  which  bumaimme* 
diately  when  the  excess  of  heat  is  removed. 

If,  instead  of  nitrate  of  ammonia,  iodine  be  projected  upon  the  same  red-hot  pUrte^ 
the  vapours  of  iodine  will  be  scarcely  visible ;  but  if  the  plate  be  allowed  to  ooo],  the 
iodine  will  spread  all  over  its  surface,  evolving eharaeteristic  violet-coloured  vapours; 
and,  lastly,  if  a  little  distilled  water  be  thrownrinto  a  red-hot  eapsule,  the  liquid  rapidly 
assumes  tiie  spheroidal  condition — not  adhering  to  the  capsule  nor  boiling,  but  evapo* 
rating  very  sbwly.  If  the  bulb  of  a  thermometer  be  plunged  into  the  i^heroidy  the 
mercurial  column  will  invariably  indicate  a  lower  temperature  than  that  of  boiliog 
water;  but  if  the  capsule  be  allowed  to  cool,  the  thermometric  mercury  will  at  once 
ascend  to  212'',  the  water  will  burst  into  tomultuious  ebullition,  and  will  rapidly  evapo*- 
rate  in  the  ordinary  manner. 

These  new  and  singular  £sct8  appear  to  be  in  manifest  opposition  to  tiie  known  Jaws 
of  heat ;  and  other  experiments,  which  may  be  regarded  aa  corollaries  of  thepriaoediiig, 
may  serve  to  indicate  the  bearing  of  these  observations. 

Thus  the  laws  which  regulate  the  demeanour  of  bodies  whioh  have  passed  inte  the 
spheroidal  state,  may  serve  to  explain  certain  cases  of  explosion  oocuxxiiig  in  steam* 
boilers.  The  following  experiments  will  serve  to  explain  the  manner  in  which  this  aeei* 
dent  may  occur  :>- 

Take  a  very  thick  silver  oapsule,  heat  it  to  whiteness;  Uten  selaiQg  it  witii 
a  pair  of  tongs,  fill  it  rapidly  with  water  by  dipping  it  into  a  large  vwsel  containing 
this  liquid ;  lastly,  place  the  capsule  on  a  support.  AU  the  water  which  it  ccmtaias  is 
in  the  spheroidal  condition,  and,  although  contained  in  a  vessel  heated  to  whiteneai, 
has  only  a  temperature  of  206-8.  At  length  the  period  arrives  when  the  temperature 
of  the  capsule  is  not  sufficient  to  prolong  the  spheroidal  state,  which,  passing  to  the 
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ordintry  oonditiQii  of  liqiiidity,  boils  witib  extremo  TioLeiice.     The  apparatus  fi>r  eon- 

^iictiBg  tMs  eipenixi^t  m  depicted  in  t)ie 

flobjoined  diagram. 

The  piQceding  wpeximNXb  solvea,  as  H. 

fioiiiagiixjiiady  remarks,  aourious  piQblew, 

vlikli  jnaj  be  thjifl  stated : — Tojm  a  vmtl 

i^Uh  wtktr  without  maistmrn^  %tf  and  to  boil 

Me  iKHiirr  ijf  oooUng  tk$  tmri. 

Tbe  sjngolar  i^nomaimof  sphi^x>idioity 

are  not  veatrioted  ta  small  masses  oi  liquid, 

al^engli  wc^  bave  been  ibe  aabjeot  of  my 

psBoeding  remarks.     On  the  oontnuy,  Tsry 

lai^  masses  of  Uqnid  may  assume  tbis  state, 

aa  H*  Boatigny  has  proyed.     These  facts 

lead  tonany  important  practical  considera* 

tiiEma;  pre-eminent  amongst  which  are  those 

haviDg  reiarenoe  to  steam-boil^  explo- 
sions.    Anterior  to  the  investigations  of  M. 

BfHitigny,  it  was  thought  that  the  cause  of 

ataan^boiler  explosions  was  the  absence  of 

anfficttftnt  Tent  lEbr  the  oy^pressure  'of  steam^  or  the  too  great  increase  of  fire.    M. 

fi^'^tigny's  experiments,  however,  lead  ixresistLUy  to  tbeeonelnston  that  the  explosion 

of  a  steam-bdler  is  possible  from  diieetly  opposite  <oa«ses-*the  sudden  escape  of  steam 

£rom  a  boiler  by  turning  a  tap ;  opening  a  valve 
or  other  equivalent  means ;  the  sudden  removal 
of  fire ;  by  letting  in  a  sudden  jet  of  cold  water ; 
or,  in  shoit,  any  act  recnilting  in  a  lowering  of 
temperature. 

The  following  curimu  experiment,  which 
admits  of  ready  -nerifieatioB,  demonstrates  the 
foundation  on  which  these  speculations  are  based. 
A  thidc  silver  flask,  about  the  capacity  of  an 
oil  Fl(»enoe-flask,  b^ng  fixed  on  a  very  strong 
iron  support,  ia  heated  nearly  to  redness  by 
means  of  an  Argand  spirit-lamp.  About  a  fluid 
drachm  of  water  is  now  poured  in  through  a 
tube,  and  the  flask  being  rapidly  and  firmly 
corked^  the  source  of  heat  is  removed.  For  a 
short  period  all  remains  tranquil.  The  water 
introduced  having  assumed  the  i^heroidal  con- 
dition evolves  but  little  steam;  hence  the 
cork  remains  tightly  fixed.  Meantime,  the 
silver  vessel  gradually  cooling  assumes  a  tem- 
perature  incompatible   with  the   maintenance 

of  aqueous  spheroidal  fluidity.    No  sooner  has  this  balance  of  conditions  been  attained^ 

than  the  entire  water  is  at  once  converted  into  steam,  and  the  cork  is  projected 

with^videsce.     It  is  easy  to  trace  the  connection  subsisting  between  the  experi- 
ment just  described  and  many  conditions  to  which  steam-boilers  in  action  are  subjected. 
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Thtis,  let  it  be  assumed  that  a  steam-boiler  containing  its  charge  of  water,  and  heated 
in  the  usual  manner,  has,  for  a  few  instants,  all  steam  egress  prevented.  In  practice 
such  a  condition  often  occurs.  Let  it  now  be  supposed  tiiat  a  sudden  gush  of  steaai 
takes  place,  and  we  shall  be  in  a  position  to  give  direct  application  to  the  laws  of 
liquid  spheroidicity.  The  first  effect  of  the  sudden  escape  of  steam  is  to  cause  the  charge 
of  water  to  be  projected  towards  the  upper  part  of  the  boiler.  It  falls  almost  immedi* 
ately ;  but,  however  short  the  interval  between  its  rising  and  falling,  the  boiler  itwkf 
has  been  accumulating  heat  all  the  while;  and  this  accumulation  may  be. to  such  an 
extent  that  the  water  on  descending  no  longer  comes  in  contact  with  the  boiler,  but 
assumes  the  speroidal  state.  In  fact,  the  boiler  and  its  charge  of  water  are  now  in 
almost  the  identical  condition  with  the  silver  fiask  'and  its  charge.  The  only  dif- 
ference between  the  two  is  this : — ^The  silver  flask  being  corked,  no  issue  for  the 
existed  imtil  the  cork  was  forced  out;  whereas  in  the  steam-engine  boiler,  it  is 
that  the  ordinary  working  flow  of  steam  takes  place.  Virtually,  however,  the  steam- 
engine  boiler  may  be  regarded  as  hermetically  dosed,  as  will  be  demonstrated  pre** 
sently ;  the  area  of  steam  issue  being  so  immeasurably  out  of  proportion  to  [the;  vast 
development  of  steam  which  ensues  when  a  speroidal  mass  of  water  touches  the  heat- 
ing surface  from  which  its  heat  is  derived. 

Let  us  now  trace  out  the  consequences  likely  to  result  The  whole  of  the  water 
is  in  the  spheroidal  state,  and  an  explosion  is  imminent.  Immediate  contact  between 
the  water  and  the  boiler  is  cut  off—the  spheroidal  water  evaporates  with  difficulty—- 
the  engineer  imagines  this  paucity  of  steam  depends  on  too  little  fire— more  fuel  is,  con- 
sequently, thrown  into  the  furnace,  and  the  boiler  continues  to  acquire  more  heat. 
Under  these  conditions,  an  explosion  will  almost  infallibly  be  determined  by  one  of 
two  circumstances — namely,  the  sudden  withdrawal  of  fuel,  or  the  sudden  addition  of 
a  jet  of  cold  water  to  the  boiler  charge,  either  of  which  is  attended  with  a  diminution 
of  temperature,  the  result  of  which  has  already  been  indicated.  It  was  remarked,  that 
virtually  no  difference  of  conditions  existed  between  the  steam-engine  boiler,  as  I  have 
assumed  it,  and  the  sUver  flask  experiment  just  described.  The  justice  of  this  state- 
ment will  be  at  once  seen  from  the  following  calculation : — 

Suppose,  for  the  sake  of  example,  the  capacity  of  a  steam  boiler  to  be  100  quarts, 
gallons,  or  any  other  assumable  quantity.  Suppose  it  only  contains  ten  parts  of  water, 
which  water  exists  in  the  spheroidal  state.  Suppose  the  temperature  of  the  boiler  to 
have  risen  to  1112**  Fah.,  or  1200°  Fah.,  as  it  might  under  the  conditions  assumed, 
the  temperature  of  the  spheroidal  water  being  only  205*6°  Fah.  Suppose  now  a  mass  of 
cold  water  be  suddenly  turned  into  the  boiler,  and  sufficient  in  amount  to  destroy  the 
spheroidal  state  of  the  water  previously  existing  there.  At  that  moment  there  will  be 
formed  no  less  than  twmteen  thousand  vneamrea  of  vapour,  which,  undergoing  still 
further  expansion  by  contact  with  the  sides  of  the  boiler,  will  develop  all  but  irresistible 
force.  The  explosion  here  assumed  to  take  place  may  also  be  occasioned  by  sudden 
removal  of  the  fire,  or,  as  was  the  case  in  the  silver  flask  experiment,  by  the  gradual 
cooling  of  the  boiler,  although,  in  practice,  various  circumstances  contribute  to 
diminish  the  probabilildes  of  accident  from  the  latter  cause,  ^ot  only,  as  M.  Boutigny 
justly  remarks,  is  there  danger  firom  the  pressure  of  steam  in  these  cases,  but  also  from 
the  decomposition  of  a  portion  of  water,  oxygen  uniting  with  the  iron  of  the  boiler, 
and  hydrogen  being  liberated.  This  result  always  ensues  when  water  assumes  the 
spheroidal  condition  in  an  iron  vessel  heated  to  incipient  redness,  or  even  a  still  lower 
temperature. 


Digiti 


zed  by  Google 


r 


THE  FBBVENTION  OF  EXPLOSIONS.  193 


Supposing  the  boiler  to  belong  to  a  marine  engine  which  cannot  be  stopped, 
the  precautionary  means  would  consist  in  maintaining  a  powerful  fire,  and  in- 
troducing to  the  boHer  small  charges  of  water  at  a  time.  If  the  phenomenon 
manifests  itself  on  land,  then  the  eiigine  should  be  at  once  stopped,  a  good  fire 
being  kept  up,  and  the  boiler  emptied  of  its  water  with  all  possible  dispatch; 
finally,  a  current  of  air  should  be  driven  through  the  boiler,  for  the  purpose  of 
removing  a  certain  amount  of  hydrogen  gas  which  will  always  be  found  there 
imder  the  circumstances. 

JPrevMiion  of  steam-boiler  explonont  from,  this  cause. — It  will  have  been  gathered, 
from  the  consideration  of  previous  remarks,  that  inequality  of  stoking,  and  inequality 
of  water-supply  are  amongst  the  causes  determining  the  spheroidicity  of  water  in 
steam-engine  boilers ;  from  which  will  be  seen  the  importance  of  obviating  these  sources 
of  danger,  should  they  exist.  Other  means  of  safety  may  be  deduced  &om  a  consider- 
ation of  the  following  circumstances. 

1.  Ceteris  paribus,  the  facility  with  which  liquid  spheroidicity  is  assumed,  is  pro- 
portionate with  the  smoothness  of  surface  of  polish  of  the  heating  solid.  It  is  for- 
tunate, then,  that  in  the  ordinary  result  of  manufacture,  steam-engine  boiler  plates  are 
never  polished ;  were  they  so,  doubtless  their  explosion  would  be  a  much  more  fre- 
quent occurrence  than  at  present.  Following  out  the  idea  of  roughness,  M.  Boutigny 
refers  the  effect  to  the  existence  of  increased  surface.  He  first  thought  of  bristling  the 
interior  of  steam  boUers  with  points,'  but  gave  up  the  idea  on  account  of  many 
insuperable  objections :  not  to  its  theory,  which  is  correct,  but  to  its  practice.  Ulti- 
mately he  was  led  tQ  adopt  a  boiler  divided  into  many  compartments  by  metallic 
diaphragms.  This  kind  of  boHer  has  already  been  applied  in  practice ;  it  cannot  be 
exploded  by  causes  dependent  on  fluid  spheroidicity,  and  seems,  in  other  respects,  to 
present  many  advantages. 

2.  Ceteris  paribus,  the  presence  of  soluble  saline  bodies  diminishes  the  tendency  to 
spheroidicity ;  or,  perhaps,  it  may  be  more  correct  to  say  that  the  temperature  at 
which  spheroidicity  ensues  must  be  greater.  Hence,  ceteris  paribus,  marine  engines 
are  not  so  liable  to  suffer  from  this  cause  as  land  engines. 

Relation  of  Caloiic  to  the  Spheroidal  State.— This  part  of  the  subject 
resolves  itself  into  an  investigation  of  the  following  points  : — 

1.  The  lowest  degree  of  temperature  at  which  the  phenomenon  can  occur. 

2.  The  law  of  evaporation  in  the  spheroidal  state. 

3.  The  temperature  of  bodies  in  the  spheroidal  condition,  and  the  temperature  of 
their  vapour. 

4.  Whether  radiant  caloric  traverses  the  spheroids  or  is  radiated  from  them. 
6.  Whether  all  bodies  are  susceptible  of  passing  into  the  spheroidal  state. 

6.  Whether  there  be  contact  between  liquids  in  the  spheroidal  state  and  the  sur- 
feces  which  gave  rise  to  them. 

As  regards  the  first  point,— the  lowest  degree  of  temperature  at  which  the  sphe- 
roidal condition  can  be  assumed  by  water, — M.  Boutigny  has  proved,  contrary  to  the 
expressed  opinions  of  many  physycists,  that  luminous  heat  is  uunecessai|r.  He  has 
proved  that  as  regards  water  on  platinum,  the  phenomenon  can  manifest  itself  even  at 
so  low  a  degree  as  171**  Cent.  =  339-8'  Fah.,  although  at  this  temperature  the 
demonstration  is  attended  with  difficulties.  For  other  substances  the  temperature 
varies,  always  being  above  their  respective  boiling  points ;  but  according  to  no  ratio 
yet  discovered. 
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T]m  hw  qS  eyi^coratwA  of  water  axul  other  liquids  Iq  tbd  splieroidal  coxiditlon  is 
this  ^^whsiXtsveK  the  (^rdiaaiy  hoiling  pomt  of  » liquid  ouiy  Ise,  ito  sphesoidal  eYapocff* 
tioa  pcH»i  i>  sometixing  less ;  but  the  ratio  of  dimiauti(m.hAS  not  yet  b^n  discoyeKedt 
M*  ]^utig97  ^  determined  the  evaporating  point  of  water  in  the  i^haroidal  state  to 
b0  da*^*"  C.  k:  205*7'*  Fah<  ^  and  the  e^aporatinfi  poAntundflr  uiniliu:  conditianA  of  ioixr 
otber  fluids  a«  follows  :*-*< 

C»  F« 

Absolute  alcohol  .        .     +  75-5"'    =  4- 167-9° 

Oxide  of  ethyle  .     +.34-25°  s;;  +    93'65' 

Chloride  of  ethyle       .        .        .    -f  JO"^'    =+    H-S^° 
SulphuxQua  acid         ...    —  10-5°    ;^  +    ^O-^' 

These  respeetiye  temperatures  at  which  spheroidal  evaporatiooi  of  each  liquid 
ensues  are,  ceteris  paribus,  invariable,  notwithstanding  any  excess  of  temperature 
which  may  be  imparted  to  the  heating  surfaee. 

Boes  radiant  heat  trayerse  the  spheroids,  or  is  the  heat  refleeted  from  them  5 
In  opposition  te  the  opiniona  of  philosophers  who  preceded  him^  M.  Boutigv-y  adepts 
the  second  hypothesis.  His  views  are  supported  by  the  following  exp erimienta^  and 
others  of  similar  bearing  :— 

If  a  capsule  of  platinum  be  heated  to  redness  and  a  little  water  be  dropped  in,  the 
water  immediately  assumes  the  spheroidal  state.  If  now  a  small  glass  bulb  containing 
a  Uttle  water  be  immersed  into  the  spheroid,  the  water  will  not  boil,  which  it  should 
have  done,  had  the  radiant  heat  darted  oS.  £rom  the  red-hot  platinum  crucible  per- 
meated the  aqueous  spheroid.  The  period  of  contact  between  the  experimental  bulb  and 
the  spheroidal  fluid  may  be  longer  delayed,  and,  consequently,  the  result  more  eonve- 
niently  observed  by  using,  instead  of  simple  water,  as  the  fluid  to  assume  ^heroidicity, 
a  mixture  of  water  and  lamp-blaek,  weU  ineoipoiated. 

Perhaps,  however,  the  most  remarkable  experiment  in  support  of  the  hypothesis  is 
this  :— On  heating  a  silver  capsule,  as  already  described,  and  dropping  in  a  little,  nitric 
acid,  the  latter  immediately  assumes  the  spheroidal  stete,  in  which  condition— as  will 
be  hereafter  shown — ^there  is  no  contact  betwoen  the  two,  and  hence  no  acUoov  If 
now  the  spheroid  of  nitric  acid  be  caused  to  roU  about  over  the  surface  of  the  capsule, 
the  observer  wiU  notice  that  every  part  of  silver,  corresponding  U>  its  path,  will  glow 
more  than  the  other  parts ;  a  result  whioh  seems  to  prove  that  heat  is  reflected  from 
the  under  surface  of  the  spheroid  back  again. 

It  is  a  remarkable  fact  in  connexion  with  these  experiments,  that,  paiticles  eX 
sand,  filings  of  metal,  and  other  heayy  substances,  when  thrown  upon  a  ^heroidal 
mass  of  liquid,  do  not  sink  through  it,  as  would  seem  accordant  with  the  laws,  of  gra- 
vitation, but  envelop  it. 

Are  all  bodies  susceptible  of  passing  into  the  spheroidal  state  ?  Experiments 
seem  to  answer  this  question  in  the  afS^rmative,  although  the  facility  of  assuming  this 
state  for  various  bodies  varies  between  wide  limits. 

Does  contact  ensue  between  bodies  in  the  spheroidal  stato,  and  surfaoes  which 
I  generated *this  condition?  This  question  may  be  resolved  in.  the  negative,  by 
I  a  readily  performed  experiment,  which,  however,  must  tajce  place  in  a  darkened 
!    room : — 

I         A  lamina  of  polished  silver,  made  convex  in  the  slightest  degree^  only  sufficient  to 
I    prevent  any  liquid  running  off  after  being  placed  upon  it,  is  heated  to  incipient  redness 
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})f  mMoui  of  an.  «oHpile,  or  spirit  Uow-piftf^  witii  Tertbiai  j«t;  A  &(«r  dr^s.  of  wafer  I 
«re  now  poured  upon  Him  heated  jdafce.  Tlie  waler  iouMdistely  etftulads  &e  a^^MRddiil 
aondltitfli,  and  eaa  W  yamivBd  to  be  timdboMjr  sepsnted  6t(UL  ti»  Keated  takitK^  bf 
hcii^mg  a  dabfie-illame  oil  tb^efreT  of.  the 
fArmt  makutfif  IM  te]Nre$eBted  hy  the  dsA^ 
gmmi  The  oan^fr-flitoe  will  H  pedbctly^ 
evidbBRt,  Tha  a^pafatloiii  of  thes^herauM 
liquid  from  its  generating  surfacej  being 
thue  Eezkderecl  efndent^  the  eafise  of  it» 
9c|>anitl(m  xtmrnm  to  be  detexnined.  M. 
Pomlleit  adyaaeet th&op^QiL  that  the  aopa- 
niiaa.  ie  attribatable  to  iotocpo^tiott  oi 
yepottr.  M<  Peraim  a^eee  in  this  opi- 
nion; bub  M.  Boutigny  adyaaoee  one  of 
bis  owa,  which  ia  mj^Kurted  by  efvideaiee  so 
powerial,  that  it  ia  to  me  oonyinciag.  Thia 
philoaepber  attributes  tibe  a^aration  to  the 
repnlsiye  agency  of  heat ;  and  he  eites  the 
Mlowing  experiment  as  n^gatiying  the 
sappoaition  that  the  spheioid  ie  (wpported 

by  the  interposition  oBf  yapour.  Instead  of  a  platannm.  eapsizle^  tike  a  flat  hehbc  of 
platinum  wke^  and  press  it  into  the^capealar  fbrm:  Hea<  the  heHx 
by  a  spirit-lamp,  and  drop  upon  it  a  little  alcohol.  The  liqnid 
immediately  aasumea  the  condition  of  spk&gQaAi^y  aal  zeanains 
detached  itom  the  wires^  as  it  would  haye  done  from  a  solid  capstile. 
Evidently  no  upward  preasnze  of  yapour~M,  BontigBy  argtiea--^ 
can  exist  under  the  oonditiou  ^c^ed,  snch  yapbnt  haying  free 
egrees  through  the  spaces  between  each  ocU  of  the  Wins.  That  it 
does  so  escape  can  bo  demonjitrated  by  setting  fire  to*  it  undcameaib* 

A  stm  moca  remarkable  desaonstiratiim  of  the  sepavation  of  bodiei  in  the  sphenroidal 
state,  from  the  generating  anrfaoe^  ia  afforded  by  the  ctkbrated  expeiimfiBt  of  freezijig 
water  in  a  red-hot  platJnnm  cnieible,  the  discoryeory  of  which  tcmarkable  effect  was  as 
follows  •--*■ 

Liquid  anhydrous  suiphu^reus  acid  boib  under  ordinary  cjarcnwistanees  at  abont 
I'l''  Fah.  M.  Boutigny  was  desirous  of  studying  this  material  under  the  eondltioa  ^ 
ipheioidi^ity  i  and,  haying  poured  a  little  into  a  red-hot  pfetinunB  crncibley  he  was  sun- 
prised  to  find  that  occasionally  the  acid  became  opalescotL  £y«irtuBUy  he  discayered 
thai  to  arise  fr^m  BM)isture  existing  in  the  suxrounding  atmosphere.  He  found  the 
opsiescent  material  to  be  ice;  and,  by  slightly  altering  the  experiment,  he  pro^ 
duoed  ice  in  solid  cakes.  Instead  of  relying  upon  atmospheric  moisture,  he  penied 
a  few  drops  of  water  Tipon  the  sphenoidal  sulphurous  acid.  The  woier  immediately 
froze. 

If  a  sU^tly-mcnstened  hand  bo  plunged  into  molten  iron,  lead,  or  other  n^etal, 
and  withdrawn  with  moderate  rapidity,  not  the  slightest  injury  will  be  expe« 
rienced.  UsuaUy  the  natusal  moistute  of  the  skin  ie  sufficient;  but,  to  ensure  Gaiety, 
the  hand,  preyious  to  imsaersie■^  should  be  rubbed  with  a  nunst  doth.  The  only  poxtitl 
to  be  attended  to  in  pedoorming  these  experiments  are  to  ayoid  dashing  the  hand  into 
the  molten  mass,  to  be  sure  the  ktter  be  at  a  temperature  greafly  above  its  oonaoildating 
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point,  and  to  operate  with  short  nails.  The  experiment,  though  perfectly  hanilest, 
appears  so  frightful,  that  it  is  some  little  time  before  eren  a  philosopher  can  be  induced 
to  perform  it.  Nevertheless,  there  is  reason  to  believe  that  feats  of  a  similar  kind  have 
been  performed  at  periods  of  very  high  antiquity.  The  impunity  with  which  the  act  is 
performed  follows  as  the  inevitable  result  of  that  law  of  spheroidal  fluidity  which  deter- 
mines an  absolute  separation  between  a  body  sufficiently  heated,  and  moisture  in  its 
vicinity.  The  hand  becomes  invested  with  a  layer  of  spheroidal  fluid,  through  which 
the  heat  cannot  penetrate. 

Kesearches  relative  to  the  spheroidal  state  may  lead,  as  M.  Bouligny  remarks,  to 
the  explanation  of  many  recorded  miracles  of  the  ancient  and  middle  ages.  Thus,  in 
the  year  241,  Sapor,  or  Chapour,  ordered  the  Magi  to  do  all  in  their  power  to  bring 
back  to  the  religion  of  their  fathers  certain  seceders.  One  of  the  High  Priests  of  the 
dominant  religious  order  proposed  that  the  truth  or  falsehood  of  the  religious  schism 
should  be  determined  according  to  the  result  of  a  fiery  ordeal  on  his  own  person.  He 
proposed  that  eighteen  pounds  of  molten  copper  should  be  poured  upon  his  naked  body ; 
and  that  if  he  came  forth  unscathed,  the  seceders  should  accept  the  miracle  as  a  proof  that 
their  dogmas  were  false.  The  priest,  we  are  inj(J3rmed,  submitted  to  the  ordeal ;  and  not 
being  in  any  degree  injured,  the  seceders  were  all  converted. 

The  marvellous  tales  of  ordeals  by  fire  during  the  middle  ages—of  incombustible 
men,  who  could  run,  unharmed,  barefooted  over  glowing  iron — ^who  could  plunge  their 
hands  with  impunity  into  molten  iron  or  lead,  and  apply  glowing  iron  to  their  tongues — 
are  probably  true.  The  fbats  seem  miraculous ;  yet  the  real  miracle  would  be  a  con- 
trary result. 

SpecUle  Caloiic. — ^Equal  weights  of  the  same  body,  at  the  same  temperature, 
contain  the  same  quantities  of  caloric.  But  equal  weights  of  different  bodies,  at  the 
same  temperature,  contain  unequal  quantities  of  caloric.  The  quantity  of  caloric  which 
one  body  contains,  -compared  with  that  contained  in  another,  has  been  considered  by 
Dr.  Irvine  and  others  to  be  proportional  to  their  epeei/ie  hefiU^  a  term  employed,  by  him 
and  by  others,  to  denote  the  quantity  of  caloric  which  a  body  requires,  in  order  to  be 
heated  a  single  degree,  or  through  a  certain  number  of  degrees,  relatively  to  that 
required  by  any  other  body  to  produce  the  same  change.  The  method  of  determining 
the  speeiJUs  heat  or  tpeeifie  eahrie  of  different  bodies  is  as  follows : — 

It  has  already  been  observed,  that  equal  weights  of  the  tame  body,  at  different 
temperatures,  give,  on  admixture,  the  arithmetical  mean.  Thus,  the  temperature  of  a 
pint  of  hot  water  and  a  pint  of  cold,  is,  after  mixture,  very  nearly  half  way  between 
that  of  the  two  extremes.  But  this  is  not  the  case  when  equal  quantities  of  different 
bodies,  at  different  temperatures,  are  employed. 

(«).  If  a  pint  of  quicksilver,  at  100°  Fah.,  be  mixed  with  a  pint  of  water  at  40*, 
the  resulting  temperature  will  not  be  70°  (the  arithmetical  mean),  but  only  60*.  Here 
the  quicksilver  loses  40*  of  heat,  which  nevertheless  raise  the  temperature  of  the  water 
only  20° :  in  other  words,  a  larger  quantity  of  caloric  is  required  to  raise  the  tempera- 
ture of  a  pint  of  water  than  that  of  a  pint  of  mercury,  through  the  same  number  of 
degrees.  Hence  it  is  inferred,  that  water  has  a  greater  capacity  for  caloric  than  is 
inherent  in  quicksilver. 

(*).  The  experiment  may  be  reversed  by  heating  the  water  to  a  greater  degree  than 
the  quicksilver.  If  the  water  be  at  100°,  and  the  mercury  at  40*,  the  resulting  tem- 
perature will  be  nearly  80° ;  because  the  pint  of  hot  water  contains  more  caloric  tiian  is 
necessary  to  raise  the  quicksilver  to  the  arithmetical  mean. 
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(0).  Lastly,  if  we  take  two  measures  of  quicksilver  to  one  of  water,  it  is  of  no 
consequence  which  is  the  hotter ;  for  the  resulting  temperature  is  always  the  mean 
hetweenthe  two  extremes  ;  for  example,  70°,  if  the  extremes  be  100°  and  40°.  Here, 
it  i«  manifest,  that  the  same  quantity  of  caloric,  which  makes  one  measure  of  water 
wanner  by  30°,  is  sufficient  for  making  two  measures  of  quicksilyer  wanner  by  the 
same  number.  QuicksUver  has,  therefore,  a  less  capacity  than  water  for  caloric,  in  the 
proportion,  when  equal  measures  are  taken,  of  one  to  two. 

If,  instead  ef  equal  bulkt  of  quicksilver  and  water,  we  had  taken  equal  weighU,  the 
disparity  between  the  specific  caloric  of  the  mercury  and  water  would  have  been  still 
greater.  Thus,  a  poimd  of  water  at  100°,  mixed  with  a  pound  of  mercury  at  40°,  gives 
a  temperature  of  97^°,  or  21\°  above  the  arithmetical  mean.  In  this  experiment,  the 
water,  being  cooled  finom  100°  to  97^°,  has  lost  a  quantity  of  caloric  reducing  its 
temperature  only  2^°;  but  this  caloric,  communicated  to  the  pound  of  mercury,  has 
occasioned,  in  its  temperature,  a  rise  of  no  less  than  67^°.  Therefore,  a  quantity  of 
caloric,  necessary  to  raise  the  temperature  of  a  pound  of  water  2^°,  is  sufficient  to  raise 
that  of  a  pound  of  mercury  57^° ;  or,  by  the  rule  of  proportion,  the  caloric  which 
raises  the  temperature  of  a  pound  of  water  1°,  will  raise  that  of  a  pound  of  qidcksilver 
about  23°.  Hence  it  is  inferred,  that  the  quantity  of  caloric  contained  in  water  is  to 
that  contained  in  the  same  ioeight  of  quicksilver  as  23°  to  1°.  Or,  stating  the  caloric 
of  water  at  1°,  that  of  quicksilver  will  be  ^  part  of  1%  or  0*0435.* 

In  a  similar  manner  may  the  specific  heats  of  other  bodies  be  ascertained.  If  a 
pound  of  water  at  100°,  and  the  same  weight  of  oil  at  50°,  be  mixed,  the  resulting 
temperature  is  not  75°  (the  mean),  but  83^° ;  the  water,  therefore,  has  lost  only  16|°, 
while  the  oil  has  gained  33^°.  Or,  if  equal  weights  of  water  at  50°,  and  oil  at  100°,  be 
mixed,  the  resulting  temperature  is  66|-°,  so  that  the  oil  has  given  out  33^°,  and  the 
water  has  inoreased  only  16|°.t  Hence  the  heat  which  raises  a  given  weight  of 
water  1°,  wiU  raise  the  same  weight  of  oil  2° ;  and,  as  the  specific  heats  are  inversely 
as  the  changes  of  temperature,  the  specific  heat  of  water  may  be  called  1^  and  that  of 
oU  0-5. 

In  some  instances,  it  is  not  possible  intimately  to  mix  together  the  bodies  imder 
examination.  When  the  specific  heat  of  a  solid  mass  of  metal  is  to  be  ascertained,  it 
may  be  heated  throughout  to  a  certain  degree,  and  then  surroimded  by  water  of  32°, 
observing  the  increase  of  temperature  which  is  gained  by  the  water,  and  calculating 
the  specifio  heat  in  the  same  manner  as  before.  This  was  the  method  of  Wilcke ;  but 
Lavoisier  and  Laplace  substituted  ice  for  water,  placing,  by  means  of  an  apparatus 
called  the  ddorimfUr^  the  heated  body  in  the  centre  of  a  quantity  of  ice,  and  deter- 
mining the  caloric  evolved  by  the  quantity  of  ice  melted  in  each  instance. 

When  this  comparison  is  extended  to  a  great  variety  of  bodies,  they  will  be  found 
to  differ  veiy  considerably  in  their  capacities  for  caloric.  The  results  of  numerous 
experiments  of  this  kind  are  comprised  in  a  table  of  specific  caloric. 

The  capacities  of  bodies  for  caloric  influence  considerably  the  rate  at  which  they 
are  heated  and  cooled.  In  general,  those  bodies  are  most  slowly  heated,  and  cool 
most  slowly,  which  have  the  greatest  capacities  for  heat.^  Thus,  if  water  and  quick- 
silver be  set  in  similar  quantities,  and  at  equal  (Ustances,  before  the  fire,  the  quicksilver 

*  The  above  numbers,  whidh  cUffer  from  those  oammonly  stated,  are  given  on  the  authority  of 
Dr.  DaltoB. 

+  Dr.  ThomMn's  '^ChMaMry,**  tol.  i.  «  See  VartlBt  ea  ««  Htet,"  p.  74. 
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^U  be  mnch  more  rapidly  heated  tkan  the  water ;  and,  eot  reoaoyal  from  tlie  -fo^,  it 
tndll  coed  mth  pioportioiudlf  greiiter  quit^ess  tiian  the  «'ater.  By  ascertifiiiiag^  «i»a, 
the  eomparotiTa  lates'of  ooeling,  -wre  may  determine,  irith  ti^mble  txadt&eis,  the 
vpecifia  caiorio  «f  bodies. 

-''ft  hu  been  doubted  iHiether  the  i^oifio  heats  of  bodies  are  permanent  ao  long  as 
ihey  retain  thdr  fbrm;  m  otfa«r  watda,  whether  a  ({nantity  of  heat,  wki^ralMo  ft 
body  through  a  certain  number  of  degrees  at  any  one  tem^^emtuve,  will  raise  it  -ftrcmgh 
Ml  oqufll  number  of  degrees  at  «tber  temperatixnes.  This  saetV^ect,  to  whieh  Mr.  Bidton 
Imd  femerly  tiirsed  his  attentiom,*  has  been  lately  imrei^gvtdd  mete  <e<miplet^  by 
Pd^  and  Dridong.t  They  hea-ted  t&e  body  to  be  Iriedto  therequined  tempeaMtares, 
a&d  Moeritained  what  tmmber  of  degrees  of  hea;t  it  eommunicated  te  a  oeKtaia  •qustrfity 
ot  ira*er:  Repeaitiiig  these  trl^  at  rariouB  points  of  th«  4ihenn»mettfLC  scale,  4fcey 
Iband  that  the  speeifie  heats  of  bocti^  are  greater  «t  high  thaA  tt  low  teoi^fatttre^. 
Thus  tile  ep^d&He  he«t  of  iron  was  foundr  to  be  as  i<>llows  s«^ 

Ceat(r^a49.  .  Sfeeific  boat. 


,;  .Ot&800° 


0^228 
0-1255 


Xhe  aajxie  hw  was  fowid  to  .extend  ta  Tarlous  other  bodiei^B,  jas  is  shcLwn  by  the 

foliowwg,  table  ;—• 

Sp^'cifib  beats  between  Specific  hejitfi  between 

ifercttry  .        .        .        .        .    «-Q330    .        .        .        .    GmSO 


TSae         ..       :        .        .        .  0-0927 

Afitimofty  .      '  ;        .  O'OSd? 

Bihj^r  .        .        .        .  (H)6^ 

Copper 0-0949 

?lalitttim  .       •.        ...        i  b-®te5 

mnss  .        .        .  0177* 


^•Wl« 

013«11 

01013 
0<039S 
0-1W4 


AttolJher  law^  dedncied  hy  Petit  cmd  Dulong,  &y>m  tihe#  rebedrehes  «b  liet^  Ss;  l^iit 
i^e  «^<)vn«  ofaUtimple  holies  hate  prmseiy  ike  same  Bpee^  hMt.  This,  howe^mr^'^isto 
be  fednridered,  At  present,  merely  in  d&e  Hght  of  aii  fegebJene  spe^jwlBtion',  derived  frftm 
^  traSn  ofreasonitig, «  deietft  in  any  part  of  ifhieh  must  be  fatal  to  the  c«neIusfeM.J 
In  the  following  table,  -tb©  i^ei'fie  heats  x)f  oertalA  bobffiies, -SMrird  Vythemeithed-ef 
5Mjiroehe  asid  Bfeard,  Regnauh,  IfAumami;  Dclatlre,  an*  Maiirfet,  5s  gh^',  together 
Wi&  "the  weights  of  the  atoms  of  those  metals,  ahd  tie  products  of  the  -sp^ciftife  hfea^s 
and  weights  of  atoms; 

.    tf  the  preceding  InfitrctSom  sh6uM  pr(m)  to  be  wrreet,  th^  ehemiift  w!S  be 
frtrfeiift'^ '  with  aftothet  means  bf  IJestSkig  th^  'atjctiraoy'of  aitomie  werght'fer  any 
girwibddy.-   liideed,  ttrfs  s(»t  of  tialetilatibn  ha^  jilready'been  fbffo#edv''bitfcmtrch  y^t 
remains  te  t>e- proved  tis^regaiAj  ttre  Gtr^ail  $(topositl<m1>fefbi>6fterc8uftB^flki«'e8t^ 
can  be  regarded  as  trustworthy. 

•  *'  New  System,'*  i.  53.  t  "  Ann.  Philos.,"  s^t  " •  ' '  r.Q 

1*-      '',.:*!«»»fipi««Va«lii(to?es,inhi»  "NewJy«f!«^¥lHl^a>L»f80<^^  r.,.,   , 
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!QUajB  OF  TKB  flVBCOtC  2EXA.1B  OV  OMRTAXX  BOOIBS,  AITD  ZBODTTCT  OEt  TttBOL 
SFSCIFro  ICXAT  AXD  AT(»ClO  WEHOmT, 


Substance. 

specific  heat. 

At«iiii« 

■weight. 

Products.  ■ 

Oxygen  gas 

0^2861 

8 

l*8oo8 

H^rto^gca^s 

3-20S6 

1 

3*2996 

9iiEK«eBgO/)             .           , 

0-2764 

14 

B-aem 

Biamond 

6-1469 

6 

0-8814 

Graphite 

0-2019 

6 

'  1-2114 

Charcoal 

0-2009 
0-!24l5 
6-29G4 

6 
6 

1-2054 
1-4490  ' 

i-7r»4 

6 

PJifflyhoms  ... 

01887 
0-2026 

dl*4 
16 

6-9850 
3-24X6 

Selenium 

00837 

40 

3-3480 

,   lodino          '.        .        »      . 

0-0541 

126 

6-8186 

Bromine 

0-1350 

78-4 

10-5840, 

Tnngsten 

0-0S64 

95 

a-4580  • 

M(dji)d«tiiiia 

00722 

49 

S4660 

MungajKae    . 

04441 

87ft 

3-0-77B 

AiBemo 

0-0814 

76-2 

6-1213 

Antimony 

00508 

129 

6-5532 

Teflurium 

0-0515 

64 

3-2960 

Bismnth 

0-0808 

ioe-4 

S'2771 

SSiio      . 

0^09«« 

to'2 

8^d7M    • 

.  dlidiniimi       .... 

0-0667 

66iB 

3-3680. 

Tin        »        .        .        . 

0-0562 

69 

a-3i5$ 

Lead     .        .     •  ,        . 

0-0314 

103-8 

3-2593  . 

Iron       .  ,      .        i    '    - 

0-1138 

27-2 

8-09^ 

C©l)a!t   . 

0*1070 

29*6 

3-1672 

KkAttl   .... 

•*1086    : 

99^ 

3.214^ 

fl««wr  , .   : 

:  AV-MM 

w-a 

3H)a42i 

MwQury        ....       .. 

,^    ■ 

0-0333 

Wl-4     . 

3-3766 

savor    ..... 

0057O 

loaa   , 

6-1617 

G61d      .        .        .  '     . 

0-0324 

199 

6-4476 

Blatintim     - . 

Oi)324 

087 

34970 

00593 

«8^ 

8-l«66  - 

iridium.       ..    '  .  '     I  :    ; 

■    ' 

ooidft  : 

^Tf 

3'632I2 

Bp^elBc  .'flEMt  off  «ftaMii.^*«/I3ie'Me«ifaiiMitina  of  llid  iftecifie^  hettk  of  guer  ii»  u 
diffiiBnit  ani  inpcatapi  pMlfleiitv  ^AdAi'  hu  traoeaste^ly  ainployifd  ibe  labout  m£' 
JML^uadbf  .of  iht-wSsoAf  Latumur^  and  Iki  la  i'Snoe^  hoAid,  Gttty  liOttac^  Daltsn, 
Bel]ixdcheiqidB§Mdiv^^)i^^  DelanTreaad  ]hfiifo6tyPliit  andBohxrig; 

Beigtiiiiti,  ,^  iragadto^  Bcgawilt»  Mayo^  BadannMiy  md  dthew. 
'    CiOivfard  b^gflBithp  iiPet^sti^8tii%  saAy  after  mai](y  ufl^uecelcfti].  attespts,  adtJpM 
Hia  £aiowaiig'ih8thlwir-Jtii»  yrwiqmd>  two  i)»pper  '■vmaU,  mada  eitxeiaely  tii^  a&idr'Ctf 
1^:inii9  naeyidMqpayBid^rwtfg^tL   iH»  fitted  one  tpf  theaa  yeneb  witb  1fc»  g«i$  toito 
asiiBkurtUii^  ^prmUaa^^jaiik^  ti  noistiii^  aid  ezhtaiatcHl  tke^otheir  vetdU  bytate 

Hjidctoaliyatttaer8e^.1)a<>i  im.<yHndeite  oimtgimlag^t  ^wanttty  ttf  told  i9ratery'tfa&lAiii&  «9t 
each,  jnst  sufficient  to  coyer  tifBiQi^'  "Ihtfi^mMf^  oootniiiisgiait'iiir  auy^^^  teiiadHiil 
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temperature  of  the  water  surrounding  it  higher  than  the  exhausted  vessel ;  and,  sub- 
tracting the  latter  increase  from  the  former,  he  considered  the  remainder  as  the  effect 
produced  by  the  included  gas,  and  as  indicating  its  specific  heat.  The  results  were 
exhibited  in  a  table,  which  it  is  unnecessary  to  insert,  as  they  are  now  considered  to  be 
very  remote  from  the  truth,  owing  to  the  defects  of  the  method  of  research  employed 
by  that  ingenious  philosopher. 

Layoisier  and  Laplace,  pursuing  the  same  inquiry  in  a  different  way,  used  their 
calorimeter,  through  which  they  passed  a  current  of  gas,  by  means  of  a  serpentine  tube, 
enveloped  by  ice.  The  gas  was  heated  by  passing  it  through  another  serpentine, 
surrounded  by  boiling  water,  before  it  entered  the  calorimeter.  A  thermometer,  placed 
at  each  end  of  the  serpentine  of  the  calorimeter,  measured  the  temperature  of  the  gas, 
when  it  entered  and  when  it  came  out  of  the  instrument  This  mode  of  experimenting 
is,  however,  scarcely  less  objectionable  than  that  of  Crawford ;  and  the  calorimeter  itself 
has  since  been  proved  to  be  liable  to  objections  as  a  measurer  of  heat,  which  prevent 
the  results  obtained  by  its  means  from  being  considered  as  more  than  loose  approxima- 
tions. 

Mr.  Leslie  attempted  the  solution  of  the  problem  by  a  method  founded  on  the 
following  principle :— If  into  a  large  glass  receiver,  from  which  the  atmospheric  air  has 
been  partly  exhausted,  any  gas  be  allowed  to  enter,  the  dilated  air  which  the  receiver 
contains  will  be  condensed;  and  its  temperature  will  be  increased  by  a  constant 
quantity,  whatever  may  be  the  entering  gas.  But  the  gas  which  is  admitted  will  absorb 
a  part  of  this  excess  of  heat,  and  the  mixture  will  have  a  mean  temperature  between 
that  of  the  entering  gas  and  that  which  it  would  have  acquired  if  it  had  not  been 
obliged  to  part  with  a  portion  of  its  heat.  Now  it  is  evident  that  this  mean  tempera- 
ture will  be  so  much  the  lower,  the  greater  the  specific  heat  of  the  gas  which  enters. 
From  experiments  made  in  this  way,  the  inference  seemed  to  follow  that  equal  volumes 
of  hydrogen  and  atmospheric  air  have  the  same  specific  heat  Analogous  experimentsi 
however,  made  by  Gay  Lussac,  gave  different  results.  The  last  mentioned  philosopher 
had  recourse,  therefore,  to  another  mode  of  proceeding.  It  consisted  in  passing  to  the 
centre  of  a  small  reservoir,  where  a  thermometer  was  placed,  cuirents  of  two  Afferent 
gases,  the  one  hot,  the  other  cold.  Knowing  the  temperature  of  the  two  gases  befbre 
their  mixture,  and  also  that  of  the  mixture,  it  was  easy  to  infer  the  ratio  of  their 
specific  heats.  The  numbers  thus  obtained  do  not  differ  very  materially  from  those  of 
Delaroche  and  B^rard. 

To  the  last  mentioned  philosophers  we  are  indebted  for  the  joint  production  of  an 
elaborate  memoir,  containing  the  results  of  a  set  of  experiments  made  with  great 
patience  and  sagacity.  To  their  essay  (published  in  the  85th  volume  of  the  <*  Ann.  de 
Ohim."  and  in  the  2nd  volume  of  Thomson's  "  Annals,"  1813)  is  prefixed  an  excellent 
account  of  all  that  had  been  previously  done  on  the  same  subject  They  employed  a 
calorimeter ;  but  instead  of  using  ice,  they  sunounded  the  serpentine  tube,  five  feet  in 
length,  with  water  of  a  given  temperature,  and  passed  through  it  a  known  quantity  of 
gas  of  a  given  temperature  (212'')  in  a  uniform  current  The  quantity  of  water,  and 
the  capacity  of  the  containing  vessel  for  heat,  were  previously  determined;  and  the 
apparatus  had  the  necessary  appendages  for  ascertaining,  at  any  moment,  the  quantity 
oi  heated  gas  passed  through  the  calorimeter,  as  wdl  as  the  temperature  of  the  water. 
In  this  way  each  gas  might  be  expected  to  impart  heat  to  the  water,  in  greater  or  leas 
quantity,  compared  with  other  gases,  and  in  proportion  to  its  capacity.  The  following 
taUe  exhibits  the  results  of  experimenters  on  this  subject  :^ 


Digiti 


zed  by  Google 


AT  THE  OBDINART  ATMOSPHKBIC  PRE6SUBE.                          201 

SPECIFIC  HEAT  OF 

ELASTIC  FLiriDS   AT  THE  OBDINA&Y 

FBESSVRE  OF  THE 

ATMOSFHESE. 

Spedfioheat. 

BelatiTeheat. 

AuthoritiM. 

That  of 

That  of 

That  of 

water  =  1. 

air  s=  1. 

air  =  1. 

Air 

0-2500 

10000 

1-0000 

Olement  and  Desonnes 

0-2669 

Delaroche  and  Berard 

0-3046 

Oxygen  gas  ...    . 

01966 
02361 

0-7328 
0-8848 

0-8080 
0-9765 

Apiohn 

Delaioche  and  Berard 

0-2750 

0-9028 

0-9964 

Suemiann 

0-9069 

10000 

Clement  and  Desonnes, 
Delariye  and  Marcel^ 
Haycraft,  Dulong 

Hydrogen  gas  •    •    . 

9-6774 

0-6640 

Clement  and  Desormes 

3-2936 

12-3401 

0-9033 

Delaroche  and  Berard 

14-423 

1-0000 

DeUnye  and  Marcet, 
Haycraft,  Dulong 

6-1892 

20-3191 

1-3979 

Suermann 

21-2064 

1-4590 

Apiohn 
"  Delariye  and  Marcet 

Chlorine  gas     .    .    . 

0-4074 

1-0000 

Nitrogen  gas     .    .     . 

02754 

1-0318 

1-0000 

Delaroche  and  B^razd 

0-8138 

10293 

1-0043 

Aqueous  yapour    .    . 

0-8470 

10751 
31360 

1-0480 
1-9600 

Apiohn 

Delaroche  and  Berard 

Carbonic  oxide  gas     . 

0-3123 

10253 

0-9925 

Suemiann 

1-0239 

0-9960 

Apiohn 

Delariye  and  Marcet, 

Dulong 
Delaroche  and  Berard 

1-0802 

10000 

0-2884 

1-0805 

1-0340 

Carbonic  add  gas  .    . 

0-6557 

1-0000 

Haycraft 

0-2124 

0-6925 

10655 

1-1750 

Dulong 

2-7838 

11960 

Apiohn 

Delariye  and  Maicet 

1-2220 

0*2210 

0-8280 

1-2583 

Delaroche  and  Biaad 

0-9835 

1-5000 

Clement  and  Desormes 

Sulpbiirous  acid  gas  . 

0-4507 

10000 

Delariye  and  Marcet 

Sulpbureted  hydrogen 
HySrochlorio  acid  las 

0-8485 
0-7925 

1-0000 
1-0000 

Nitrons  (ndde  gas  •    . 

0-6567 

1-0000 

0-2240 

0-7364 

1-1229 

Suermaiin 

1-1600 

Dulong 

0-2369 

0-7827 
0-8878 

1-1930 
1-3503 

Apiohn 

Delaroche  and  Berard 

Nitric  oxide  gas    .    . 

0-9616 

1-7000 

Delariye  and  Marcet 

Ammoniacal  gas    .    . 

,._ 

1-6968 

1-0000 

Cyanogen  gas  .    .    . 

0-6647 

1-0000 

1-0660 

Haycraft 
Dulong 

1-5310 

0-4207 

1-6763 

1-5530 
1-6309 

Delaroche  and  Berard 
Delariye  and  Marcet 
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To  the  results  of  Delaroche  and  Berard  it  has  been  objected  by  Mr.  Hay  craft*  that 
they  aie  too  dependent  6n  calculations  and  corrections,  and  that  they  were,  in  all  cases, 
made  on  gases  charged  with  moisture  at  an  elevated  temperature.  He  was,  therefore, 
induced  to  contriye  an  apparatus,  and  to  execute  a  set  of  experiments,  in  which  these 
sources  of  fallacy  should  be  avoidied.  By  these  iie  waa  led  to  conclude  that  all  gases, 
simple  as  well  as  compound,  haye  the  same  capacities  for  heat.  This  view,  so  far 
as  respects  simple  gases,  had  already  been  taken  by  Petit  and  Dulong,  from  reason- 
ing founded  on  the  facts  of  DelaRj^ie  wid  Berard ;  bat  they  do  not  appear  to  hare 
thought  of  extending  t3ite  laws  to  the  compound  gases. 

MM.  Aug. .  Delarive  and  T.  Marcet,t' whilst  admitting  fully  the  merits  of  the 
researches  of  Delaroche  and  Berard,  are  still  pf  opinion  that  a  few  sources  of  fallacy 
were  not  provided  against  by  those  philcs^pheirs,  which  are  sufficient  to  disturb  the 
accuracy  of  their  results.  MM.'  Marce*  and  Delarive  xmdeirtook,  therefore,  a  new 
sot  of  esjgpeithncnts,  and  extended  them  to  fotnteen  diflBerent  gases,  all  prepared  with  the 
utmost  attention,  and  cardfully  deprived  of  hygrometric  moisture.  The  principle  of 
their  met]u>d  was,  to  expose  equal  volumes  -of  different  guises  to  a  uniform  fiouroe  of 
heat,  dmfin^  the  same  ititeryal  of  tibme^  th«  Toiitme  of  gas  being  kept  uniformly  the 
sai&e  duidng  the  expenbuemt.  By  the  augmeiitation  of  elastic  force  in  each  gas,  they 
judged  of  ttie  temperatujre  which  it  poesessed  at  the  end  of  the  fixed  period.  This  was 
easily  deduced,  by  means  of  the  law  which  connects  the  elastic  force  with  the  tem- 
perature of  gases.  It  was  found  that  all  the  gases  were  brought  to  the  same  temperature 
in  the  samfi  intervid^  ptoving  that  they  hare  aU  the  same  specific  heat»  with  tbe  single 
exception  of  hydrogen  gas.  This  gas  wad  heated  -^  of  a  centigrade  degree  higher  than 
other  gases  undegf  the  s^me  circnmstances ;  not,  however,  the  authors  apprehend,  from 
any  difiference  of  capacity,  but  because,  being  a  much  bettet  conductor  than  any  of  lihe 
rest,  it  is  more  quickly  heated  and.  cooled.  Prom  a  review  of  their  experiments,  fhey 
considezv  ^^  the  foDiot^ing  cowelusions  as  legiitimately  deducible  : — 

1.  That  under  tike  same  pressure,  and  with  equal  and  constant  volumes  (the  elas- 
ticity alone 'Varying),  ell  gases  have  Hxe  same  specific  heat.  ,       / 

2.  That,  all  other  circumstances  remaining  Ihe  same,  the  specific  heat  dizDcini^6g  a^ 
the  same  time  as  the  pressure,  and  equally  for  aU  the  gases^  according  to  a  progression 
but  little  convergent,  aad  in  a  aonch  less  lotio  than  that  of  the  pressures. 

3L  That  eoeh  gas  has  a  diffiai^ettt  power-^^nducting  heat. 

Such  haye  been  ^e  principal  attempta  te  Ascertain  the  specific  heat  of  different 
gdses,  attempts  which  may  be  consldeted  as  having  led  to  no  decisive  xesults^  piartly 
from  the  extreme  nicety  and  delicacy  of  the  necessary  manipulations^  and  |)artlyi 
perhaps,  from  some  defect  in  the  principle  of  tiie  several  investigations,  ilnioae^a  whefC 
the  quantity  of  matter  submitled-to  expetimeiit  is  so -^^jeedingly  mJiBita;.aiiiaie  tiie 
changes  of  temjiepetiu^  ttre  so  bbk^I  and  evanescent ;  stod  where  so  many  causes  operate, 
which  it  is  difficult  to  separate  from  each  other*  it  is  not  surprising  that  the  most  saga- 
cious phi^QSopheES  should  have  £uled  to  arrive  at  souad,  or  even  similar,  conclusions. 
The  «aliii«et,  t^n^ay  lie 'ComiideF^d  as  atiU  epen  to  further  resefu-ch^  and  w^'weli 
reward  whatever  skill  and  labtmr  may  be  heaUn^ed  upon  itr  ■  -  ^ 

The  following  epitome  of  Ifee  tarious  means  had  recourse  to  for  arr^f^  -at  A«^ 
results  by  the  philoflopiets  indicated  by  the  preceding  tabTe,  is  taken  from  the  "  Hand- 
book, of  Chemistry,  Gmelin,"  )EngUih  editiw,  vol  |.  p*  239  >-  i^ 

Wl^ea  ,the  bodieif  of  different  temperatnxes  and  different  capacities  for  heat  are 

»  "  Ann.  de  Chim.  et  de  Phys."  xxri.  29(9.  +  **•  Ann.  de  Chim.  et  do  Phys."  xxxv.  5. 
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mixed  together,  the  temperature  of  the  mixture  is  not  the  mean  between  the  tempera- 
tures of  the  individual  subtances.  Equal  weights  of  bodies,  equally  heated  or  equally 
cooled,  but  of  different  capacities  «f  hetA^  raise  or  lower  the  temperature  of  a  given 
quantity  of  water  through  dilTerent  numbers  of  degress,  or  they  melt  unequal  quan- 
tities ef  icfi  at  0° .  Spheres  of  equal  size,  and  equally  heated,  but  of  substances  having 
different  capacities  for  heat,  require  different  times  to  cool  to  iha  same  point  in  the 
same  medium ;  the  radiating  jpower  of  the  suzface  being  either  accounted  £u*,  or  made 
tiie  same  in  all.  Gases  inclosed  in  a  manometer  placed  in  a  warmer  medium,  require 
different  times  to  produce  in  them  the  same  amount  of  expansion  by  heat.  The  first 
of  these  methods  was  adopted  by  WiUce,  Crawford,  Kirwan,  Dalton,  and  Potter ;  the 
second,  by  Delaroohe  and  Berard,  Avogadro,  Naumann,  and  Regnault ;  the  third,  parti- 
cularly, byXavoisier  and  Lajplace,  with  their  calorimeUr;  the  fourth,^by  Mayer,  "Bock- 
maim.  Petit  and  Bulong,  Hermann,  Dekrive  and  Maxoet  y  tho  fifths  by  Delarive  and 
MBXCGt-^fbT  the  determination  of  the  specific  heat  of  bodies. 

After  Jiaving  investigated  the  specie  heats  of  the  different  gases,  HM.  Delaroohe 
and  Bergrd  ascertained  that  the  specific  heat  of  any  one  gas,  considered  with  respect  to 
its  volume,  augments .  with'  its  density,  but  in  a  proportion  Ic^  than  the  increase  of 
density.  Oa  this  euyect  HM,  Clement  and  Desormes  have  given  the  following 
results  ;r- 
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ON  ELECTBICITT. 

The  science  of  Electricity  constitutes  at  this  time  so  large,  and  so  important  a  branch 
of  Natural  Philosophy,  that  entire  treatises  are  scarcely  sufficient  for  its  exposition.  It 
would  be  impossible,  therefore,  in  a  work  especially  dcroted  to  popular  use,  to  furnish 
the  student  with  more  than  a  general  summary  of  electrical  facts  and  theories. 

In  doing  this,  it  will  be  my  object  to  direct  especial  attention  to  those  points  of 
electrical  philosophy  which  bear  more  intimately  than  others  upon  its  practical  uses ; 
and  if  the  questions  at  issue  between  electricians  are  more  summarily  disposed  of  than 
their  importance  seems  to  merit,  this  omission  is  to  be  understood  in  no  disrespectfiil 
sense,  but  in  deference  to  the  limits  and  the  objects  of  this  treatise ;  and  in  considera- 
tion of  the  existence  of  admirable  special  treatises  on  electricity,  to  which  the  reader 
who  desires  further  information  respecting  the  laws  of  that  science  may  refer. 

]>efl]iiti6n  of  the  Science.— The  term  Electricity  is  derived  from  i^Xcm-poy, 
amber,  a  substance  which  when  rubbed  with  silk,  flannel,  &c.,  acquires  the  property  of 
attracting  light  bodies,  which  property  is  duo  to  afunction  which  philosophers  hayi9  agreed 
to  call  eleetricity^  and  is  frequently  treated  of  as  dependent  on  the  electric  fluid  or  fluids ; 
although  no  demonstration  of  the  existence  of  such  fluids  has  eyer  been  offered,  and, 
indeed,  the  assumption  of  such  is  rather  at  yariance  than  otherwise  with  our  present 
ideas  concerning  this  mysterious  agency. 

The  attractive  influence  manifested  by  amber  when  rubbed,  was  known  at  very 
early  periods,  being  mentioned  by  Theophrastus  and  Pliny.  The  commencem^it  of 
electrical  science,  however,  is  of  very  recent  date,  inasmuch  as  this  branch  of  philoso- 
phy is  scarcely  more  than  a  century  old  at  this  time.  ^*  The  philosophers  of  1750," 
remarks  Professor  Delarive,*  '^knew  very  little  beyond  that  of  the  nature  and  pro- 
perties of  electricity.  .Who  at  that  time  could  have  supposed  that  meteorology  would 
ere  long  discover  in  electricity  the  cause  of  the  grand  phenomena  of  the  atmosphere  ? 
that  heat  would  borrow  from  it  its  most  perfect  instruments,  and  the  means  of  mani- 
festing its  [most  important  laws  ?  that  the  molecular  physics  would  have  employed  it 
for  the  purpose  of  penetrating  into  the  intimate  constitution  of  bodies ;  and  would  have 
caused  it  to  concur  with  polarized  light,  in  the  manifestation  of  relations  that  exist 
between  ponderable  matters  and  imponderable  ether  ?  that  chemistry  would  have  been 
indebted  to  it  for  the  discovery  of  new  elements,  the  formation  of  new  compounds,  its 
most  powerful  means  of  analysis  and  synthesis,  and  the  most  satisfactory  theories  ? 
that  mineralogy  and  geology  would,  in  a  great  measure,  have  found  in  it  the  explana- 
tion of  the  origin  of  their  crystals  and  their  strata  ?  that  physiology  would  have 
deduced  from  it  a  more  intimate  knowledge  of  the  forces  that  rule  over  animated 
matter,  and  the  secret  of  acting  on  such  matter  almost  as  life  acts  ?  that  medicine 
would  have  discovered  in  it  resources  against  maladies  hitherto  assumed  to  be  in- 
curable ?  that  the  metallurgic  arts  would  have  found  in  it  new  processes  for  extract- 
ing, moulding,  and  applying  metals?  that,  finally,  it  would  have  fumiahed  to 
mechanics  a  foroe  as  prompt  as  thought,  equally  independent  of  time  and  space — ^would 
have  enabled  intelligence  to  escape  from  its  limited  envelope  to  dart  at  pleasure  with 
the  rapidity  of  lightning  into  the  most  distant  regions  V* 

•  Preface  to  his  *<  Treatise  on  Electricity.*' 
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Instead  of  stating  the  theories  whioh,  from  time  to  time,  have  been  adopted  for  the 
explanation  of  eleotrioal  phenomena,  the  more  convenient  method  of  study  seems  to  he 
founded  on  a  repetition  of  certain  fundamental  experiments,  in  accordance  with  which 
every  electrical  theory  must  necessarily  be  framed.  The  development  of  electrical 
energy  fr<mi  amber  by  friction,  has  already  been  adverted  to.  The  next  link  in  the 
chain  of  electrical  demonstration  consists  in  showing  that  the  property  in  question  is 
not  confined  to  amber,  but  may  be  accepted  as  universal  for  all  bodies. 

I^ewelopmant  of  Slectzlolty. — ^For  the  purpose  of  this  experiment  the  most 
convenient  form  of  glass  to  be  employed  is  a  tube,  closed  at  both  ends  hermetically, 
and  having  an  external  diameter  of  about  an  inch.  If  such  a  tube,  perfectly  dry,  be 
rubbed  with  a  piece  of  flannel,  also  perfectly  dry,  it  will  be  found  to  have  acquired  attrac- 
tive properties  similar  to  those  already  referred  to  amber  when  similarly  treated.  For 
the  purpose  of  testing  the  acquisition  of  these  properties,  only  very  simple  apparatus 
is  required.  A  feather,  suspended  by  means  of  a  silken  thread  (white  by  preference), 
or  a  light  ball  of  elder  pith,  similarly  suspended,  constitutes  a  sufficient  apparatus, 
which  may  be  variously  modified  according  to  the  ingenuity  of  the  operator.  If  the 
glass  tube,  having  been  rubbed  as  described,  be  caused  to  approach  the  suspended  feather 
or  pith-ball,  either  of  these  light  substances  will  be  found  to  be  affected  by  a  certain 
force,  appearing  to  emanate  from  the  tube ;  in  other  words,  the  light  substance  will  be 
attracted  towards  the  tube,  with  which  it  will  come  into  contact,  and  to  which  it  will 
adhere  if  the  string  of  suspension  be  sufficiently  long. 

For  a  reason  to  be  presently  explained,  it  will  be  desirable  to  have  several 
feathers  or  pith-balls  suspended,  wherewith  to  test  the  electrical  force  of  different 
bodies.  Glass  then,  like  amber,  is  capable  of  assuming,  by  friction  against  certain  sub- 
stances, the  state  denominated  that  of  electrical  excitement  or  excitation,  as  evidenced 
by  its  influence  on  a  suspended  light  body,  which  evidence  will  henceforth  be  applied 
to  determining  the  excitation  or  non-excitation  of  other  bodies,  which,  when  thus 
excited,  are  said  to  be  eUetriJUd  or  eleetrieed.  Such  electrified,  electrized,  or  excited 
condition,  is  ordinarily  spokW  of  as  owing  to  the  development  of  electricity.  Extending 
the  frictional  examination  to  other  substances  besides  glass  and  amber,  the  power  of 
becoming  electrically  excited  will  soon  be  found  to  be  very  widely  difihsed.  Besin, 
pitch,  sealing-wax,  caoutchouc,  sulphur,  gutta-percha,  and  generally  all  bodies  com- 
monly termed  resinous,  besides  a  great  variety  of  others,  will  be  found  to  acquire,  after 
friction,!  the]  power  of  attracting  light  bodies,  and  hence  will  be  said,  according  to  a 
limitation  of  terms  already  accepted,  to  be  in  an  electrized  or  electrified  state.  Hence, 
too,  such  bodies,  veiy  early  in  the  history  of  electrical  science,  received  the  denomination 
of  electrics. 

r  Are  aU  mbatancet  eUettiea  f — ^To  arrive  at  an  answer  to  this  question  is  very  important, 
and,  therefore,  a  few  experiments  will  be  indicated,  from  the  results  of  which  conclu- 
sions may  be  deduced.  It  will  be  readily  seen,  however,  that  the  cause  or  source  of 
electrical  development  with  which  we  are  now  concerned— namely,  ordinary  fric- 
tion—necessarily limits  our  observations  to  the  bodies  which  are  in  the  condition  of 
solidity.  If,  instead  of  a  stick  of  glass  or  seab'ng-wax,  or,  in  short,  any  of  the  sub- 
stances already  assumed  to  have  been  employed,  the  experiment  be  varied  by  taking  a 
rod  of  iron,  brass,  or  any  metal,  not  the  lightest  power  of  attraction  wOl  be  evidenced 
on  light  bodies ;  hence  tills  experiment,  taken  without  limitation  of  othen,  would 
seem  to  indicate  a  fundamental  distinction  in  the  quality  of  electrical  excitation  for 
different  bodies.    Supposing  it  already  agreed  to  term  glass,  and  all  bodies  which  ac- 
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qnhv  the  poww  of  sttBtctMn  «ftflr  frieiictiy  elflDtrie8,.tii«L  ife  mM  H^bbl  iMitxiral 
t(»  sail  metals  aad  iU  iMidiBt  aot  capable  of  cleetfioel^anitftlien  lUMiev  eimil«r  «aretUB« 
itenoes,  MMi-«MffTiQi.  Such, indeed,  waa  &  dtstiiKtmi  long  reoogifbgad}  but  it  la»  no 
fovodataen  in  tniti^  a«  will  lie  soon  tendered  f^parent.  14  imtafid  ef  lu^dmf  the 
BwtadlLc  bar,  vluiist  under  Metijui^  by  t^  hndy  it  be  held  hy  the  intorventieft  oC  ^iMSy 
er  lealiagw^nixi  or  in  ohofrt  any  o£  tine  aiibstaBoea  to  wluoh  tbye  •fptUttliega.eiectziisiirai 
formerly  applied,  tiien  a  totally  difiieient  resnlt  ▼ill  be  the  eou^equenoev  The  wetal 
noir  aitiactB(  the  ligbt  body,  jiuft  at  glass  or  aeaiiiigw^^  eoaeeqpitptly 

it  is  not  true  to  say  tiiat  me*ak  cannot  be  exoiMelectcicidly  by  finetioii.  Tbo  dis<»^ 
paneymostbe  reHBorred  to  seniB  other  causo.  This  casiae  is  diiEieeUy  cektedto  the 
fnacrftum  ejqpkined  in  the  iwzt  paragraph. 

Qm  the  ^ketrieai  I^uenet  ie  Oot¥teyed  Awagf-^vp  the  purpose  of  aiviTOig  at  a 
saiialaetuij  answer  to  this  ^nastion,  the  foHowing  experiment  may  be  p«rf<»iiied  :<- 

Abav  o€  nuetal  (B)  being  suspended 
by  silk  strings,  and  the  excited  glass 
tube  (i)  brought  into  (Hmtact  with 
one  extremity  of  this  bar,  the  other 
extremity  will  be  found  to  hare 
acquired  the  power  of  attractiTig  the 
p&th.ball  (j?)  in  the  same  manner  as 
tibe  tube  (£)  itself  would  ha7&  done ; 
oenaequeatly,  the  electdcal  influence 
(whatever  ^at  influence  may  be) 
must  have  passed  through  the. whole 
leo^k  of  the  metalUc  bar.  Be- 
peatdng  tibie  experiment,  with  the 
snbstitation  of  Tarioos  solids  foe  the  netsllie  bar,  the  general,  problem,  whether  any 
solSd  be  or  be  not  a  eondaetor  of  eleebicjty,  may  be  solTed;  subject,  however,  to  the 
resemttiQii  .that  poonbly  gnat  diffisreaees  of  condaetii^  power  may  be  regarded  as 
absolute  qnaHtatiye  differeaees^  owing  to  the  impesfeetion  of  our  e^^^mental  pro- 
cessesL  In  olher  words,  that  whiclk  is  ordinarily  t^m^d  electrical  non-conduction 
may,  within  the  limtte  of  the  expctimesat  detailed,  be  nothing  more  than  abw  con- 
duetion :  this,  indeed,  is  demonstrated  to  bo  the  fact.  Nevertheless,  the  divisien  of 
bodies  into  ekctrical  conductors  and  elsctxical  non-oonduotors  is  a  good .  practioal 
elasBification,  and  therafoie  stiU  retaoned. 

The  appended  tabid  shows  the  relation  subsisting,  in  tlus  respect,  between  the 
bodies  mentioned : — 


co:nMTCiiN<>  BOfBTss,  FLAon^  nr  nra  coedsb  of  num  ooMBvcriKa  powbii. 

All  tho  metals. 

Spring  water. 

Vapour. 

Well-burnt  carbon. 

Rain  water. 

Salts  soluble  in  water. 

Plumbago. 

Ice  above  13*  Pah. 

Harcfled  air. 

Concentrated  acids. 

Snow. 

Vapour  c4  alcohol.  . 

Dilute  acids. 

Living  vegetablesi 

„      of  ether. 

SaUne  solutions. 

Earths  and  moist  rocks. 

MetaUic  ores. 

Flame. 

Powdered  glass. 

Aipin;ii^l  fluids. 

Smoke. 

Flowers  of  sulphur. 

Sea  water. 
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INSULATING  BODIES,  PLACED  IN  THE  4HEt|«R'  OF  'VBViXb  VjimShJkTSSfk  J^OfOiari, 


Dry  metalfie  oxides. 
OiisT(the  heaviest  are  the 

hest). 
Ashes  of  Tegeifcahle  hoAiee. 
Ashes  of  animal  bodies. 
Ma^7    dry   tranapftreat 

crystab. 
Ice  below  13°  Fab. 
Phosphorus. 
Lime. 
Drjr  qhalk* 

Native  carbonate  of  baryta. 
Lycopodium. 
Caontehoue. 


Camphor. 

Some  silicious  and  argil- 
laceous stoaeai. 

Dry  marble., 

Porcelain.    , 

Dry  vegetable  bodies'. 

Wood  that  has  been  strongly 
heated. 

Dry  gases,  and  air. 

Leathen; 

Parchment  . 

Dry  paper. 

Feathers. 

Hair,  wool. 


Dyed  silk! 

White  silk. 

Bairsilk 

Inamgutemi  preoiova  stoMS. 

Thje.diamocLd. 

Mica. 

All  vltriflictions. 

Glass. 

JTet. 

Wax.. 

S-ulphuf. 

The  resins. 

Amber. 

Gum  lac. 


Gutta  percha  is  one  of  the  most  perfect  iasulators,  but  its  exact  place  in  the  above 
taUe  ia  yet  undetermined. 

The  reason  wiU  now  be  evident  why  brass,  iron,  and  metallic  rods  generally  could 
not  manifest  the  power  of  attracting  light  bodies.  Being  good  electrical  conductors, 
the  influence  was  no  sooner  developed  than  it  passed  through  the  whele  length  of  the 
bar,  through  the  hand  and  arm,  finally  to  the  earth.  It  is  strange  that  so  obvious  an 
explanation  of  the  non-excitability  of  electric  conductors^  when  held  immediately  by 
the  handj  -^as  reserved  for  philosophers  of  the  last  few  yeai^  to  offer,  especially  seeing 
that  electricians  moi*e  than  a  century  ago  were  conversant  with  the  fact  that  certain 
bodies  are  conductors  of  electricity,  and  others,  non-conductors :  indeed,  without  a 
practical  application  of  this  fact,  it 'would  have  been  impossible  to  pooduoe  artificially 
any  electrical  phenomena. 

The  simple  e:qperiments  already  given  aye  sufficient  ^ 
to  demonstrate  two  fundamental  q^ualities  of  the  electric 
influence— namely,  conduction  and  attraction.  Before, 
however,  proceeding  to  another  part  of  the  investiga- 
tion, it  will  be  desirablo  to  embody  the  principles 
already  deduced  in  the  formation  of  certain  instru- 
ments having  for  their  object  more  precise  demonstra- 
tions than  the  simple  expedients  already  treated  of. 

For  the  performance  of  class-room  experiments, 
pith  balls  are  inconveniently  smaU^  their. place  may 
advantageously  be  supplied  by  other  simple  ej:pedients, 
amongst  the  most  e^ctive  of  which  aj:e  the  fol- 
lowing:— 

•  1.  Two  hoops  may  be  made  of  thin  card,  or 
paper,,  and  one  hoop  being  thrust  through  the  other, 
in  such  manner  that  their  planes  cut  each  othor 
mutually  at  right  angles,  the  whole  may  be  seemed 
from  slipping  by  means  of  a  little  adhesive  sub- 
stance, or  a  needle-stitch;  and  being  thus  secured,  may  be  suspended  after  the 
manner  of  the  pith  ball. 
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2.  Instead  of  two  hoops,  one  may  be  made  considerably  wider  than  the  former,  and 
being  placed  on  a  table,  may  be  caused  to 
rotate  under  the  attraction  of  an  excited 
body, 

3.  A  yery  elegant  means  of  demonstrating  . 
electric  attraction  on  the  large  scale,  consists 
of  a  thin  bag  of  gold-beater's  skin,  or  thin 
internal  membrane  of  a  turkey's  crpp^  gilt. 

Such  are  the  principal  instruments  by 
which    electrical     attraction,    and   another 

modification  of  force,  presendy  to  be  treated  of  (repulsion),  can  be  demonstrated  on 
the  large  scale.  A  thousand  other  forms  will  readily  suggest  themselves  to  the 
student ;  indeed,  the  principles  of  electric  attraction  and  repulsion  have  been  adopted 
in  the  formation  of  mere  toys,  to  mention  which  at  this  time  would  only  interfere 
with  the  sequence  of  deductions  by  which  I  am  desirous  of  leading  the  student  to  an 
acquaintance  with  the  laws  of  electrical  philosophy. 

U  the  electric  influence  identical,  from  whatever  body  <forefo^<?f— Whether  friction 
be  applied  to  glass,  sealing-wax,  or,  in  short,  any  possible  substance,  the  electrical 
excitation  resulting  is  found  to  agree  in  the  one  general  respect  of  attracting  light 
bodies ;  hence,  thus  far  evidence  seems  in  favour  of  the  supposition,  that,  from  what- 
ever source  developed,  electricity  is  of  the  same  quality.  A  few  simple  ^experiments 
will  demonstrate,  however,  the  fallacy  of  this  hypothesis. 

Experiment  1.  Repeating  the  experiment  with  the  suspended  pith  ball,  the  observer 
will  notice  that,  although  it  be  first  attracted  towards  the  excited  bar,  yet  after  coming 
in  contact  with  the  latter,  the  motive  impulse  is  suddenly  reversed,  and  the  pith  ball 
is  repelled  in  such  a  manner  that  if  the  same  excited  substance  be  still  further  excited, 
the  pith  ball  will,  on  the  approach  of  the  latter,  be  still  more  strongly  repelled. 
Hence  we  arrive  at  the  conclusion,  that  under  certain  conditions,  to  be  hereafter 
scrutinized,  electricity  exercises  a  repulsive  as  well  as  an  attractive  force. 

Experiment  2.  Instead  of  one  pith  ball  let  two  be  now  suspended  by  means  of  two 
silk  filaments  from  any  convenient  support,  and  let  any 
excited  substance  be  brought  near  to  them.  Under  these 
circumstances  both  the  pith  balls  will  be  attracted  towards 
the  excited  substance,  will  come  in  contact  with  it,  will 
be  repelled,  and  finally  wiU  repel  each  other,  as  repre- 
sented in  the  accompanying  diagram.  From  whatever 
source  the  electricity  be  developed  the  same  result  will 
ensue  ;  a  pair  of  pith  balls,  after  being  brought  into  con- 
tact with  the  excited  body,  wiU  repel  each  other. 

Experiment  3.  Supposing  a  pair  of  pith  balls  to  have 
been  subjected  to  the  influence  of  excited  glass,  and  that  ^ 
they  are  yet  divergent,  let  them  now  be  touched  with  a 
piece  of  excited  sealing-wax,  or  other  resinous  body,  they 
will  immediately  tend  to  collapse ;  and  if  the  electrical 
force  of  the  excited  resinous  body  be  exactly  proportioned 
to  the  force  of  the  electricity  fit)m  glass,  and  if  the  contact  between  the  excited  body 
and  the  pith  balls  be  not  prolonged  for  too  great  a  period,  the  pith  balls  will  remain 
collapsed,  thus  leading  to  the  inference  that  the  force  resulting  from  the  electricity  of 
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glass  and  vitreous  bodies  is  opposed  in  such  a  manner  to  the  electricity  from  resin  and 
resinous  bodies,  that  the  two  kinds  of  electricity  counteract  each  other,  and  produce 
neutrality.  Hence  arises  the  idea  of  electricity  as  a  dual  force ;  and  no  theory  of 
electricity  which  does  not  recognize  this  duality  imder  some  form  of  manifestation 
can  satisfy  ihe  conditions  which  a  study  of  electrical  phenomena  makes  known. 

Still  omitting  the  consideration  of  all  electrical  theory,  and  paying  attention  to 
facts  alone,  as  deduced  from  experiment,  it  will  be  now  desirable  to  apply  the  know- 
ledge already  acquired  to  the  construction  of  certain  forms  of  apparatus,  by  means  of 
which  our  sphere  of  information  as  regards  electric  manifestations  may  be  enlarged. 

It  has  been  deduced  from  previous  experiments  that  electricity  from  any  one  source 
is  repulsive  to  itself,  or,  at  any  rate,  imparts  repulsive  qualities  to  conducting  bodies 
into  the  substance  of  which  it  has  been  conveyed.  Consequently,  we  are  furnished 
with  a  ready  theoretical  means  of  ascertaining  whether  the  imknown  electricity  frx>m 
a  second  source  be  similar  or  dissimilar  to  the  electricity  from  a  first  or  known 
source. 

.  Thus,  it  has  been  already  explained  that  the  two  pith  balls — still  divergent  frY>m 
the  effects  of  electricity  of  glass — ^are  caused  to  collapse  by  the  influence  of  electricity 
from  resin.  Hence,  if  we  denominate  electricity  similar  to  that  from  glass,  vitreous, 
and  electricity  similar  to  that  from  resin,  r^Wnotis,— then  it  follows  that  an  unknown 
electricity  which  causes  the  collapse  of  two  pith  balls,  already  divergent  from  the 
effects  of  vitreous  electricity,  must  be  the  opposite  of  vitreous ;  that  is  to  say,  must  be 
resinous  electricity,  and  vice  versa.  It  appears,  therefore,  that  whatever  may  be  the 
cause][of  the  duality  of  electric  force — a  duality  which  has  been  by  some  termed  positive 
and  negative,  by  others  vitreous  and  restnous,  but  which,  for  present  purposes,  and  to 
avoid  theoretical  considerations,  may  be  denominated  A  and  B — ^the  question  whether 
the  electricity  belong  to  A  or  B,  may  readily  be  determined  by  studying  its  influence  on 
pith  balls  or  their  equivalents.  This  leads  us  to  the  consideration  of  certain  impor- 
tant forms  of  electrical  apparatus. 

The  Gold-leaf  filecteometox. — This. important  instrument  is  in  constant  re- 
quisition by  the  electrical  experimentalist,  for  the  purpose  of  ascertaining  the  presence 
of  electricity  and  estimating  its  kind.  It  consists  of  a 
metallic  plate,  a,  communicating  by  a  metallic  stem 
with  two  sheets  of  leaf-gold,  g  and  /,  inclosed  in  a 
glass  vessel,  for  the  double  purpose  of  protecting  the 
gold-leaf  from  rough  mechanical  injuries,  and  with- 
drawing it  from  the  interference  of  atmospheric  cur- 
rents, which  would  destroy  the  accuracy  of  the  results* 
A  consideration  of  what  has  been  stated  in  reference  to 
the  suspended  pith  balls,  will  render  the  nature  of  the 
gold-leaf  electrometer  evident.  If  an  electrically  ex- 
cited body — a  stick  of  glass  or  sealing-wax,  for  instance 
—be  brought  into  contact  with  the  metallic  plate  a,  it 
follows  that  the  two  gold  leaves  ff  and  /  must  diverge ; 
thus  indicating  the  general  presence    of  developed 

electricity.  If  these  leaves,  already  divergent  from  the  effects  of  a  known  elec- 
tricity, be  rendered  convergent  by  electricity  previously  unknown,  then  this  second 
electricity  is  demonstrated  to  be  of  the  opposite  kind  to  that  developed  from  glass ;  is 
demonstrated  to  be  electricity  B,  supposing  that  from  glass  to  be  called  electricity 
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A,  Hence  thu  gold-leaf  electrometer  is  evidently  cm  mstrament  of  great  me  in 
electrical  determinations.  This  instrmnent  was  inrented  by  Mr.  Bennett;  hence  the  . 
name  of  Bennett^s  gold-leaf  deetrometer  is  fireqnently  given  to  it.  Another  iostrument, 
foanded  on  an  application  of  the  same  law,  is  the  torsion  dectrometer  of  Coulomb. 
It  consists  of  a  ^n  needle  of  glass  or  shdlae,  suspended  horizontally  by  meiSBs  of  a 
natoral  filament  of  sIUe  as  it  comes  from'the  cocoon ;  or  by  a  fine  metallic  wire.  This 
instrament  is  protected  from  external  varying  causes  by  insertion  in  a  glass  vessel,  and 
the  method  of  using  it  will  appear  from  the  £i^owing  description  :— 

In  tJie  gold-leaf  electromctw  both  leaves  are  free  to  move,  .sod  they  move  accord- 
ingly in  obedience  to  the  electrical  force  impressed.  In  the  torsion  elsetn>meter  cir- 
cnmstaiLcee  differ :  the  horisontal  needle  of  shellac,  carrying  at  one  extremity  a  pitch  ball, 
is  alone  free  to  nuyve ;  and  the  indications  of  the  instrament  five  derived  from  noticing 
the  extent  to  which  Hbe  pith  ball  has  been  deflected  from  the 
conduetrng  ball,  to  which  the  excited  substance  under  exami- 
nation has  been  applied.  The  counteracting  force  to  eleetrieal 
repulsion  in  the  goldUleaf  dectrometer  is  gravity*  Whilst  elec- 
trically neutral,  the  g(dd  leaves  remain  in  dose  co&tftet,  on 
account  of  their  own  weight ;  but  when  excited  they  s^erate 
more  or  less,  according  as  the  electrical  force  brought  into  pky 
is  greater  oir  less  than  their  own  gravitating  fbree.  Hence, 
teteria  parihugy  the  ingle  of  divergence  of  the  gold  leafves  sbottld 
bear  a  constant  relation  to  the  amount  of  eleetrieal  fbnee.  In 
the  torsion  electrometa  the  counteracting  force  to  eketricity, 
and  in'  terms  of  whieh  the  latter  is  meesttred,  is  tonuoa.  The 
filament  of  sUk  or  wire  being  secured  at  its  upper  extremity, 
this  arrangement  only  permits  the  rotation  of  the  needle  of 
sheUac  by  twisting.  Were  it  absoloftely  unyielding,  the  indi- 
cating needle  could  not  move ;  but  yielding  as  it  does  under 
torsion,  the  fierce  of  tornon  thus  becomes  a  repreaeatiitive  of 
the  force  of  electricity ;  and  tiie  glass  case  being  graduated, 
the  angle  of  divergence  can  easily  be  read  off.  It  will  be  seen  from  this  descrip- 
tion that  the  torsion  electrometer;  is  a  more  precise  instrument  than  the  gold-leaf 
electrometer ;  the  latter  only  enabling  the  experimentalist  to  judge  as  to  the  size  of 
the  angle  of  divergence  by  rough'[oealar  estimation.  In  point  of  fact,  the  term  elec- 
trometer, or  electricity  measurer,  in  strict  language  only  applies  to  the  torsion  instru- 
ment, the  other  being,  more^  properly  speaking,  an  electroscope ;  and  here  it  may  be 
desirable  to  mention,  what  will  be^demonstrated  farther  on,  that  the  term  measurement 
of  electricity  requires  limitation  before  it  can  be  used  vrith  precision  in  the  language 
of  this  science,  lUectricity  admits  of  measurement  as  to  its  tension  or  intensity,  or  as 
to  its  quantity:  the  instruments  already  described  only  measure  tiie  finmer  quality. 
The  distinction  between  electrical  intensity  and  quantity  is  <me  whiek  requires  to  be 
early  recognized  by  an  inquirer^in'this  field  of  science.  Certain  frmetions  are  distinctly 
referable  to  the  first,  whilst  other  frmetions  are  as  directly  relbrable  to  tiie  second ;  it 
will  be  desirable,  therefore,  to  create  in  the  mind  some  palpable  analogy  to  which 
these  two  phases  of  electrical  manifestations  may  be  referred.  Professor  Ohm  has 
reduced  the  expressions  to  a  mathematical  formula,  which  will  be  given  hereafter ; 
meantime  It  will  facilitate  present^  investigation  into  the  nstare  oi  dcotricHy  if  the 
following  rough  analogies  be  adopted. 
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The  tensioiL  or  intensity  of  dectricity  may  be  roughly  assimilated  to  the  pressure 
exercised  by  gunpdwder  inflamed  as  a  gun-charge,  and  tlie  quantity  of  electricity  to 
gunpowder  inflamed  loosely.  Directing  the  mind  into  this  channel  of  analogy,  it  will 
be  seen  that  a  giTen  quantity,  lor  instance  twenty  grains,  of  gunpowder  rammed  into 
a  pistol  would,  on  being  infiazsied,  giye  rise  to  certain  marked  indications ;  there : 
would  be  great  preasnre  exerted  on  the  internal  sides  of  the  pistol  barrel ;  a  bullet, 
supposing  one  to  be  snpens^osed  on  the  gunpowder,  would  be  proi^eUed,  and  the  act 
of  inflammation  would  be  accompanied  by  a  loud  sound.  Here,  then,  is  (me  series  of 
offsets  produced  by  gunpowder  under  one  set  of  circumstances ;  and  the  energy  of 
these  effects  may  be  estimated  in  two  ways.  It  may  be  estimated  by  noticing  the 
distance  to  which  a  bullet  is  propdled  by  a  given  charge  of  powder ;  by  noticing  ihe 
amount  of  recoil^  as  measured  by  a  graduated  circular  arc, — and  in  tibis  way  is  the 
rtrength  oi  a  gun-dwrge  estimated  in  practice.  If  we  now  suppose  an  equal  weight 
el  gunpowder  (twenty  grains)  to  be  loosely  spread  oTcr  a  table,  and  inflamed,  we  have 
no  kmger  an  indication  of  its  force  by  the  testa  already  employed.  The  inflammation 
is  accompanied  by  norq[K)rt,  no  palpable  recoil ;  and  if  we  suppose  the  layer  of  gun- 
powder to  be  indefinitely  ^lead  out,  saad  the  obaerrer's  eye  to  be  limited  to  a  field  of 
vision  ind^mitely  small,  then  it  is  possible  to  assume  that  the  gunpowder  might 
iaflame  unnoticed,  although,  by  baring  recourse  to  another  ^eoiea  of  investigatiGn, 
the  actual  quantity  of  gunpowder  might  readily  be  determined.  This  general  analogy 
win,  perhaps,  aid  the  student  in  aoqinring  a  true  idea  of  the  di&rence  between  elec- 
trical quantity  and  electrical  intensity.  The  gold  leaf  and  the  torsion  instrum^it  are 
both  restricted  to  aff(»diDg  indications  of  tension  or  intensity. 

Ok9  JSlettrieUif  he  developed  otherwise  than  by  fiietianf-^Bj  meana  of  the  two 
instruments  already  described,   this  point  will  be 
readily  determined,  and  certain  tru&s  of  electrical 
philosoi^y  will  be  found  to  aggregate  themselTes 
into  broad  generalizatlonB. 

Experiment  4.  Upon  the  plate  of  a  gold-leaf 
deetrometer  lay  a  metallic  capsule  containing  water, 
and  into  the  latter  drop  a  piece  of  ignited  charcoal. 
The  gold  leaves  will  immediately  diyerge,  proving 
the  deTdk>pment  of  electricity.  In  this  case  there 
appears  no  doubt,  on  the  first  aspect  of  tiie  case,  that 
the  electrical  excitement  brdught  about  is  due  to  the 
evaporation  of  water.  £y  some,  however,  this 
hypothesis  is  rejected,  and  the  result  is  attributed  to 
chemical  action  ensuing  between  the  vessel  and  the 
water,  or  matters  contained  in  the  water.  Such  an 
Opinicm  is  advocated  by  PouiUet,*  who  states,  that  if 
a  vesselW  platinum  be  employed  (a  metal  on  which 
water  exerts  no  chemical  agency),  and  certain  precautions  agaiufit  error  be  taken,  then 
no  dectrical  distorbance  occurs.  The  objection  thus  raised  is  most  important,  as 
between  the  questions  whether  evaporation,  per  ae^  be  a  source  of  electricity,  or  the 
eonlarary ;  but  it  has  so  bearing  upon  the  queation  at  this  time  proposed  for^detcr- 
minatioa.    Whatever  may  be  the  source  of  electricity  in  this  case,  Mction^aseuredly 

*  "  Ann.  de  Chim.  et  de  Phys.,"  xxxv.  401 ;  and  xxxrl.  5.. 
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is  not;  and  this  alone  is  sought  to  be  determined  by  the  experiment  under  con- 
sideration. 

Perhaps  no  experiment  so  unequivocal  as  that  just  described  could  be  performed 
with  the  same  object  in  view.  The  general  demonstration  of  the  proposition  that 
friction  is  not  the  only  cause  of  electrical  excitement,  is  sufficiently  easy ;  but  when 
inyestigation  is  made  as  to  the  exact  nature  of  the  non-frictional  excitements,  then 
difficulties  present  themselves  which  no  ingenuity  has  yet  been  able  to  master,  and 
which  prevent  our  arriving  at  certain  determinations  relative  to  important  primary 
laws.  Thus,  for  instance,  it  will  be  seen  hereafter,  that  philosophers  were  long  unde- 
termined as  to  the  primary  cause  of  electrical  development  from  voltaic  arrangements ; 
indeed,  it  would  be,  perhaps,  scarcely  correct  to  say  that  the  question  is  resolved  defi- 
nitively, even  at  the  present  time.  The  question  at  issue  was,  whether  certain 
dissimilar  metals — especially  zinc  and  copper — do  or  do  not  suffer  mutual  electric 
disturbance  when  brought  into  contact.  Apparently,  nothing  is  more  easy  than  the 
solution  of  this  question.  The  gold-leaf  electrometer  would  seem  to  funush  us  with 
the  means;  but  the  difficulty  which  cannot  be  overcome  is  this  :  the  impossibility  of 
bringing  into  contact,  and  separating  two  metals,  without  exercising  a  certain  amount 
of  friction.  These  remarks  are  offered  for  the  purpose  of  showing  the  extreme  delicacy 
necessary  in  conducting  electrical  experiments;  the  difficulties  with  which  these^experi- 
ments  are  beset,  and  the  care  with  which  incorrect  deductions  should  be  guarded  against. 
Can  on$  kind  of  Electricity  he  developed  without  the  other  f — Hitherto,  for  the  sake  of 
simplicity,  it  has  been  assumed  that  only  one  body  in  each  experiment  has  been 
subjected  to  the  preliminary  treatment  to  which  electrical  excitation  is  referable.  A 
slight  amount  of  reflection,  however,  will  show  this  assumption  to  be  incorrect.  In 
all  the  e]^riments  detailed  there  has  been  a  duality  of  preliminary  agency.  Thus,  if 
a  glass  tube  be  submitted  to  friction,  then,  strictly  speaking,  two  substances  are 
rubbed,  not  one;  moreover,  the  distinction  between  the  rubber  and  the  substance 
rubbed  is  merely  conventional.  In  strict  philosophical  language  both  are  equally 
rubbed ;  consequently,  if  it  be  desired  to  recognise  the  total  consequences  of  such 
friction,  not  only  must  the  glass  tube  be  submitted  to  examination,  but  the  flannel  or 
silk  wherewith  friction  was  exercised. 

Supposing  it  be  desired  to  ascertain  the  presence  of  electricity  on  the  rubber,  to  use 
a  conventional  term,  as  well  as  on  the  material  rubbed,  some  precautions,  easily 
deducible  from  previous  considerations,  will  be  necessary.  The  question,  however, 
may  be  resolved  as  follows :— Let  a  cylindrical  portion  of  flannel,  /,  be  adapted  to  the 

glass  tube  ty  as  represented  in 
the  woodcut ;  and,  in  order  to 
restrict  the  area  of  friction 
within  definite  limits,  let  the 
glass  be  rotated  instead  of  moved  forwards  and  backwards.  If  the  glass  tube 
thus  rubbed  be  caused  to  approach  a  gold-leaf  electrometer,  the  leaves  will  diverge, 
as  we  have  seen.  If  now,  instead  of  one  electrometer,  we  employ  two — one  for 
testing  the  glass,  the  second  for  testing  the  flannel — ^then  divergence  of  the  gold 
leaves  of  the  second  instrument  will  also  result^  proving  that  both  glass  and 
flannel  have  been  electrically  excited.  It  remains,  therefore,  to  determine  whether 
they  have  been  excited  by  similar  or  different  kinds  of  electricity.  Now  it  has 
been  already  demonstrated  that  the  two  kinds  of  electricity  are  mutually  attrac- 
tive and  mutually  neutralizing ;  consequently,  if  two  bodies  be  electrically  excited, 
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one  giying  rise  to  a  repulsion  between  two  light  substances— which  repulsion  the 
other  neutralizes— the  second  body  is .  differently  electrified  to  the  first  Supposing, 
therefore,  the  two. electroscopes  to  bo  stiU  divergent,  and  the  Motional  operation 
repeated,— -if  the  fiaonel  be  now  caused  to  touch  the  instrument  formerly  touched  by 
the  glass,  and  vice  wna,  the  gold  leaf  of  both  instruments  will  immediately  collapse. 

These  experiments  show  that,  in  the'case  under  examination,  one  kind  of  electri- 
city cannot  be  deyeloped  without  the,  other ;  and  the  same  may  be  easily  prored,  for 
crery  case  of  jfrictional  excitement  may  be  extended  experimentally  over  a  yast  field  of 
inquiry,  and  carried  further  by  analogical  reasoning,  so  as  to  satisfy  all  cases  of 
electrical  relation  whaterer.  The  proposition  of  double  deyelopment  is  easily  proved 
for  the  case  of  evaporation,  already  cited,  in  the  following  manner  .* — 

Let  the  vapour  arising  from  the  evaporating  water  be  made  to  impinge  against  a 
metallic  disc,  <f,  situated  above  it,  and  communicating  by  a  bent  metallic  stem,  ending  in 
a  metaUJo  foot,  with  the  plate  of  a  second 
gold-leaf  electrometer.  Matters  being  thus 
adjiiBted,  the  gold  leaf  of  both  electrome- 
ters will  be  found  to  diverge ;  and  now, 
on  establishing  a  metallic  connection  be- 
tween the  two  plates  of  the  electrometers, 
both  pairs  of  gold  loaf  wiU  immediately 
collapse,  showing  that  the  electricities  are 
of  different  kinds.  The  experiment  proves 
something  more,  which  will  be  specially 
demonstrated  in  the  next  paragraph.  Per- 
haps it  is  unnecessary  to  point  out,  that  in 
establishing  metallic  connection  between 
the  two  electrometer  plates,  it  is  necessary 
that  the  metallic  conductor  should  be 
''  insulated,"  as  the  condition  is  termed  by  electricians ;  that  is  to  say,  it  should  be 
held  not  immediately  by  the  hand,  which  is  an  electrical  conductor,  but  by  the 
intermediation  of  a  non-conducting  material,  such  as  glass,  shellac,  sealing-wax,  &c. 

Are  the  EUctrieitiet  developed  proportumal^  or  ia  one  kind  ever  in  exeeMf— This 
question  has  already  been  resolved,  for  one  specific  case,  by  the  last  experiment;  the 
following  method,  however,  will  render  the  demonstration  still  more  clear.  Taking 
the  glass  tube  with  its  cylindrical  flannel  rubber,  as  already  described,  let  friction  be 
exercised  as  before ;  then  let  both  flannel  and  rubber  be  brought  in  contact  with  the 
plate  of  a  gold-leaf  electrometer.  Not  the  slightest  divergence  will  take  place,  if  care 
have  been  taken  not  to  extend  the  Motional  area  beyond  the  edges  of  the  flannel 
cylinder.  This  experiment  proves,  for  the  case  under  consideration,  that  the  two  kinds 
of  electricity  are  developed  in  exact  proportion ;  and  the  same  may  be  demonstrated  for 
all^kinds  of  electrical  excitation  whatever.  A  deeper  consideration  of  the  truth 
embodied  in  the  proposition  that  the  two  kinds  of  electrical  force  are  mutually  pro- 
portional, leads  to  the  most  subtle  branch  of  electrical  philosophy — ^the  so-called  state  of 
electrical  induction ;  the  nature  of  which  will,  it  is  trusted,  be  rendered  evident  by  the 
course  of  investigation  about  to  be  adopted.  It  has  been  said  that  one  kind  of  electri- 
city cannot  be  alone  developed,  neither  can  it  exist  alone  when  devehped-^n,  remembrance 
of  which  proposition  will  remove  the  difficulties  attendant  upon  a  just  comprehension 
of  what  is  called  the  induced  ekctridty. 
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But  if  eleetzicitj  eaimot  exist  alone,  irhat  ezpZsaalioii  is  to  be  given  of  the  iol- 
loidag  ezperimezLt  ?  Ametaliie  ball,  inawTated  by  means  of  a  oflt  ooeecI,  is  iaaeked 
seTetai  times  xb  suocessioii  by  a  piece  of  g^asB,  electrieaUj  cxdAed.  Under  tibaae  eb- 
camstancestiie  metallie  ball  beeomea  charged  with  the  electxicatj  of  g^ass,  as  amj  be 
demongtcated  by  baingmg  into  contact  vithit  a  lUtle  disc  of  gilt  piqper--al80  iniailated— 
remoTing  the  plane  by  meaas  of  its  insolatiiig  stand,  and  btioging  U  into  eoatact  with 
the  plate  of  an  electrometer.  The  gold  leaves  instantly  divetge,  pmring  the  weanm- 
latioQ  of  electrieity  in  the  metaJHc  bfdL 

How  can  it  be  said,  then,  that  one  kind  of  electricity  is  incapable  of  a  separate 
existence  ?  Is  not  the  metallic  ball  electrified  ?  On  this  point  it  is  desirable  to  hare 
the  most  precise  notions,  otherwise  the  so*caILed  fiinctioii  of  deetcieal  indaetioo.  wiU 
lead  hereafter  to  interminable  diffienlties. 

The  fallacy  ia  which  the  inquirer  is  likely  to  be  involved  when  eontemplsfting  the 
bearings  of  this  experiment,  results  from  considering  the  WftaHif  ball  as  isolated  in 
every  sense  from  snrroimdmg  bodies.  Such  isolation,  however,  is  impossiUe,  not  oaly 
when  practically  considered,  but  theoretically  also.  £ven  were  it  self-snpported,  wi&- 
out  any  aid  of  Ihe  cord,  it  would  not  be  isolated.  Eveaif  tlfts  air  were  removed,  it  would 
not  be  isolated.  Even  if  our  globe,  atmosphere,  and  all  were  annihilated,  aad  the  brass 
ball  left  a  minute  asteroid  in  its  place,  the  ball  would  stiU  not  be  isolated,  for  it  wodid 
stiU  maintain  relations  with  oth^  masses  in  epoee.  In  GODten]|»lating^  therafiwe,  Hie 
condition  of  the  suspended  brass  ball,  it  must  be  regarded  iii  relation  to  sattonmShag 
matter.  The  necessity  for  a  dual  investigatioD  is  equally  great  in  this  ease,  as  wIkii 
it  was  proposed  to  examine  the  electrical  distorbaaee  resulting  from  the  ftietMHn  of 
glass  and  flannel.  Before  the  proposition  can  be  aooepted,  that  eoe  kind  of  eleotrieity 
exists  in  the  metallic  ball  alone,  it  will  be  necessary  to  examine  the  eonditioB  of  tlie 
atmosphere  around  the  objects  in  the  vidunty,  not  forgetting  to  enumerate  anongst  the 
latter,  the  operatoar  himself.  If  this  investigation  be  carried  out,  the  general  propoaition 
will  be  found  to  hold  good,  that  the  suspended  metallic  ball  has  disturbed  ^e  eleotric 
equilibrium  of  surrounding  bodies  to  a  state  proportionate  with  its  own  degree  of  exoi- 
tation ;  and  the  electrical  charge  which  the  metallio  baU  can  retain  wiU  eeUria  paribUB 
be  proportionate  to  the  nature  and  the  number  of  material  particles  in  its  vicinity. 
To  render  this  proposition  more  evident,  two  metallic  balls  may  now  be  suspended,  or, 

better  still,  for  reasons  which  wiU 


appear  hereafter,  two  metallie 
cylinders,  with  spheroidal  e&ds,  as 
represented  in  the  accompanying 
diagram.  The  cylinders  may  be 
suspended,  each  by  two  s^ea 
threads,  or,  what  is  still  more  eon- 
venient  in  practice,  they  may  be 
supported  each  on  a  glass  stand; 
and  for  the  purpose  of  indieatiag 
the  presence  of  electricity,  each 
cylinder  may  be  supplied  with  two 
pairs  of  pith  balls,  one  for  either 
end,  and  attached  as  r^resented 
in  the  diagram.  The  strings  by  which  the  pith  balls  are  suspended  in  this  case  must 
bo  of  thread,  or  other  conducting  material,  because  it  is  desired  that  electricity  should 
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past  fioDg  iheoL  Profiled  the  two  cylinden  axe  aeparated  £»]»  each  other  to  a 
ppoper  extent,  whkk  firMtioe  idotie  eftii  detaeBUS.e)  the  jGi^owing  itsult  viU  ocewr  :--* 
On  directly  electrifying  one  of  the  cylindezs  by  eoaXactf  the  other  will  become  elec- 
trified also,  as  indicated  by  Um  dayergence  of  the  attadi^d  pith  balls. 

At  first  it  might  be  ii^EBcred  that  direct  transfeDence  of  •electricity  from  one  cylinder 
to  the  other  had  taken  place ;  but  this  idea  is  readily  diig^oyed  by  removing  the  second 
cylinder,  when  the  pith  bflllj  tttfloh^d  W 

it  win  at  once  collapse.  To  what  then  was  p  ^  B 

the  electrical  excitatiiKWLaitribiitahlewhid^         S  g 

it  manifested  whilst  stwiding  near  the  ad^ 
jacent  cylinder  ?  The  excitation  is  attci-  | 
butable  to  the  exercise  of  a  functionalready 
conveyed  in  the  proposition  just  laid  down. 
The  first  cylinder  is  oaly  aUe  to  main- 
tain its  electricity,  A^  by  developing  a'pro- 
portionate  amount  of  electricity,  B,  in 
adjacent  bodies.  So  long  as  the  oyliader 
was  alone,  the  second,  or  B,  fiinetioa 
of  electric  duality  was  scattered,  to  use 
the  expi^ession,  indefinitely  around  (it  is 
repacessoted  by  the  diagmm  aflEectiiig  the 
air  and  tjlie  table) ;  but  immediately  a  seoond  cyisndw  was  placed  nosjr,  the  A  and 
B,  powers  of  electnoiiy  beeane  dif^xihnted,  as  xepiwented  in  the  aoe(»apaa7i|ig 

diagram. 

Thsteuch  an  anangNneat 
of  elsetrical  fiasco  really  takes 
place  may  be  demonstrated  by 
a  very  simple  experim^iit  If 
the  proposition  just  laid  down 
be  true,  there  should  exist  a 
mesial  line,  m  m\  in  each 
cylinder,  devoid  of  aU  electri- 
osl  power.  That  such  really 
is  the  case  may  be  demon/- 
strated  by  fixing  fijaii  pi  pith 
baUs  at  this  line,  imdcr  which  circumstance  no  repulsion  of  the  balls  should  take  place, 
if  the  exact  mesial  line  be  selected,  tn  practice,  this  exact  selection  U  scarcely  possible ; 
n^yertheleaii,  a  sufficiently  near  approximation  may.  be  arrived  at  to  demmwtrate  the 
general  soundness  of  the  law.  MpreoT#r«  it  may  be  further  demonstrated  that  in  the 
two  flinders  plaeed  as4escribed,  the  A.function  and  the  B  fiinction  of  electricity  are 
distributed,  as  represented  in  the  diagram,  by  means  of  an  insulated  carrier  plane  of  gilt 
paper  and  a  delicate  electrometer.  The  terms  carrier  plane  and  carrier  ball  will  be 
frequently  employed.  A  carrier  plane  consists  of  a  gilt-paper  circular  disc,  about  two 
in(»hes  in  diameter,  insulated  by  a  band  of  shellac ',  a  carrier  ball  is  a  ball  of  brass  or 
oth^  muctal,  suspended  by  a  silken  string.    (See  two  diagrams  on  next  page). 

It  is  evident  that  any  conventional  sign  may  be  employed  in  the  designation  of 
tiie  t^i'o  electrical  functions,  I  have  taken  the  letters  A  and  B.  Instead  of  these 
letters,  the  plus  and  minus,  algebraic  signs  (+)  an4  (— )« &re  generally  employed,  and  I 
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hare  merely  avoided  them  because  of  their  aBsociation  with  a  particular  electrical 
theory — namely,  that  of  Franklin,  according  to  which  it  is  assumed  that  the  two 
electric  functions  stand  to  each  other  in 
a  relation  parallel  to  heat  with  cold ; 
that  is  to  say,  that  one  is  a  mere  condi- 
tion of  absence  of  the  other. 

Slectrical  Iiidiictio]ui.--Under 
this  denomination  was  formerly  ex- 
pressed the  state  of  electrical  excitement 
developed  in  one  body  by  proximity 
with  another,  as  we  have  seen  in  the 
previous  experiment;  and  the  term, 
electricity  by  induction,  or  induced  elec 
tricity,  was  employed  so  as  to  imply  the 
supposition  which  was  indeed  intended 
to  be  conveyed,  that  the  function  of 
induction  might  or  might  not  be  co- 
existent with  a  primary  electrical  excite- 
ment. It  has  been  the  object  of  pre- 
ceding remarks  to  show  that  it  necessarily  must  be  co-existent  with  electrical  excitement, 
of  which,  indeed,  it  forms  a  part.  For  this  important  generalization  we  are  indebted 
to  the  investigations  of  Faraday,  who  has  laboured  so  long  and  so  successfully  in  this 
interesting  field  of  inquiry.  It  appears,  therefore,  that  the  term  electrical  induction, 
in  a  partitive  sense,  is  no  longer  intelligible;  nevertheless  it  has  been  so  long  accepted, 
and.  has  become  so  intimately  associated  with  the  explanation  of  many  important  elec- 
trical phenomena,  that,  limited  according  to  previous  explanations,  it  will  hereafter  be 
employed  in  this  volume. 

What  *f  the  eondition  of  the  atmosphere,  or  other  non-eondueting  medium^  through 
which  the  inductive  influenee  takes  place  t — It  has  been  demonstrated  in  the  preceding 
pages,  that  an  influence,  or  force,  has  in  some  way  been  exerted  through  the 
layer  of  atmospheric  air  situated  between  the  two  cylinders  which  formed  the  subject 
of  experiment.  A  question,  tberefore,  at  once  presents  itself  of  the  following  kind. 
How  is  the  atmosphere  itself  affected  by  the  influence  transmitted  through  it  ?  Is  the 
atmosphere  passive  or  active?  Anterior  to  the  investigations  of  Faraday,  it  was 
usual  to  answer  the  second  question  in  the  negative ;  the  influence,  whatever  it  may 
be,  was  assumed  to  radiate  or  pass  in  straight  lines  through  the  atmosphere,  which 
itself  remained  passive,  being  nowise  affected.  Faraday  has  demonstrated  the  incor- 
rectness of  this  theory ;  he  has  shown  that  the  atmospheric  molecules  assume  a  polar 
state,  and  to  this  polar  influence  is  attributable  the  electric  manifestations  recog- 
nizable on  the  second  cylinder,  or  any  other  conducting  body  similarly  circumstanced. 
The  term  polarity  is  one  so  frequently  employed  in  the  description  of  molecular  forces, 
that  it  is  necessary  at  this  point  to  describe  its  meaning.  By  the  term  polarity  is 
understood  a  certain  symmetry  of  relation  subsisting  between  the  components  of  a 
material  aggregate.  Thus,  for  instance,  supposing  the  aggregate  to  consist  of  a  heap 
of  needles  confusedly  arranged,  then  the  components  of  this  aggregate  (i.  e,  the  needles) 
would  be  said  to  manifest  no  polarity.  If,  however,  the  needles  were  to  form  any 
symmetrical  groups,  such  as  stars,  triangles,  &c.,  then  the  aggregate  of  needles  would 
be  said  to  have  become  endowed  with  polarity ;  the  formation  of  such  aggregates 
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would  be  expressed  as  the  assumption  of  polarity,  and  the  destruction  of  the  sym- 
metrical groups  as  the  resolution  of  polarity.  The  idea  thus  grossly  expressed  evidently 
admits  of  extension  to  the  smallest  molecules, 
or  eren  to  the  forces  actuating  these  molecules, 
and  the  assumed  polar  state  of  moleciiles  and 
forces  maybe'rendered  comprehensible  generally 
by  gross  physical  analogies.  Beyerting  to  the 
foregoing  experiment,  it  will  be  seen  that  the 
cylinders  operated  upon  are  affected  by  polarity, 

the  ends  A  being  in  symmetrical  relation  to  the 

(A  B^  (X  6)    ends  B ;  and  their  length  might  be  indefinitely 

extended  with  a  similar  result. 

Hr.  Faraday  believes  that  atmospheric  air,  or  other  non-conducting  material, 
interposed  between  the  two  cylinders,  or  any  bodies  similarly  circumstanced,  is  not 
passive,  but  active  —  that  the  influence,  by  means  of  which  the  first  cylinder  is 
enabled  to  affect  the  second,  is  not  darted  through  the  intervening  space  by  a  sort  of 
radiation,  but  that  the  atmospheric  molecules  assume  some  sort  of  symmetrical 
relation,  either  of  form  or  of  force,  which  symmetry  of  relation  extending  in  all 
directions,  not  merely  in  straight  lines,  from  the  primarily  electrified  body,  affects 
directly,  but  in  a  manner  unknown,  the  second. 

To  inquire  more  narrowly  into  the  nature  of  this  transmitted  power  is  equivalent 
to  the  inquiry,  What  is  the  nature  of  eiectricityf  Hereafter  a  short  exposition  of  tiie 
various  opinions  relative  to  this  question  will  be  given ;  but  to  enter  into  the  specu- 
lation at  this  time  would  carry  us  too  far  from  the  sphere  of  present  discussion. 

Tlae  Slectsophonuk — ^Accepting  the  term  electric  induction  with  the  limitation 
already  stated,  I  shall  now  describe  an  instrument  which  not  only  illustrates  that  frinction, 
but  which  is  an  instrument  of  great  practical  utility.  The  electrophorus,  as  it  is  called, 
was  the  invention  of  Yolta,  and  is  thus  prepared : — ^Procure  a  flat  dish  of  metal,  B  (tin  plate, 
copper,  or  brass)  about  one  inch  deep  and  twelve  or  fifteen  in  diameter ;  fill  this  dish 
with  a  resinous  mixture  of  equal  parts  of  shellac,  resin,  and  Venice  turpentine,  and 
allow  the  whole  to  grow  cold.  One  half  of  the  instrument— to  which  the  term  **  wie" 
has  been  given— is  now  prepared,  and  it  only  remains  to  form  the  cover.  This  coiisists 
of  a  thin,  flat,  metallic  plate,  D,  something  less 
in  diameter  than  that  of  the  sole,  and  furnished 
with  a  round  band,  or  metallic  rim,  as  shown 
in  the  diagram,  A  A.  To  this  cover  a  glass 
handle,  d,  is  attached  by  means  of  a  socket,  into 
which  is  run  a  little  cement. 

When  it  is  desired  to  bring  the  electro- 
phorus into  action,  the  sole,  or  resinous  face, 
is  briskly  rubbed,  or  rather  dftshed-^i^e  opera- 
tion being  something  between  a  blow  and 
a  rub — with  a  piece  of  dry  flannel  or  fur-skin.  This  operation  having  been  repeated 
five  or  six  times  in  succession,  the  excitation  is  complete.  The  whole  upper  surface  of 
the  sole  is  now  affected  with  resinous  electricity ;  and  if  tiie  cover  fitted  it  accurately 
at  every  point,  the  resinous  electricity  thus  developed  would  be  communicated  to  the 
cover  by  simple  contact  This  condition,  however,  never  obtains.  The  cover  does  not 
actually  touch  the  resinous  portion  at  more  than  a  few  points,  from  which  resinous 
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eietbdtdty  is  diiecUy  tranalenBd.  The  greater  portioa  of  tJie  gur£aoe  of  the  eorer, 
howenaCf  is  wparted  from  tbe  resnoqt  faoe  of  the  sole  by  a  Uua  layer  of  atmoqithenc 
air ;  consequently  it  is  placed  tmder  th«  fwnditions  BMst  fiiTOiiiable  to  the  unsqipptioai 
of  electricity  by  induction.  Tbe  metkod,  then,' of  empkying  the  ekctiopbcHras 
is  as  follows  -.—The  cover  being  laid  upoa  tbe  reoMMU  jfoee^  vbich  is  zasinoaaly  electri- 
fied, tiie  lower  aspect  of  the  coyer  at  onoe  beeomes  vitieoatly  eleetiifiBd,  and  its  iq^er 
aspect  zesinoiisly ;  if,  however,  the  cover  be  touched  with  the  finger,  or  any  other 
conductor  in  communication  with  the  e«arth,  tiJiea  the  Innary  systea  (aaaiely,  the  sole 
and  the  cover)  becomes  neutraL  This  iii»itxality,  however,  exists  only  so  long  as  the 
two  binsfy  portions  of  the  instrument  are  in  clote  relation.  K  the  cover  be  removed 
beyond  the  influence  of  the  sole,  then,  the  balaaee  of  electrical  neatsality  is  destroyed, 
and  the  cover  becomes  charged  with  an  excess  of  vitreous  electricity,  which  it  will 
cvidve  in  the  form  of  a  spai^  on  causing  it  to  be  appeoacfaad  with  a  mrtuMic  knob^  the 
finger-kmieUey  or  any  other  non-pointed  oonductor. 

Tlu  Condbiiiaex.— The  law  of  electric  JBdwction  is  beantifiilly  iUsstrated  by  the 
oondeBser,  an  instniment  designed  to  manifest  very  slight  amounts  of  aUotiieal 
inflnenoe,  such  as  would  not  be  rendered  evid»t  by  the  maided  eleetzometer. 

The  condeaser  ii  zepresented  by  fig.  1.    It  consists  of  two  dxcular  metaUie  diso% 

one,  B,  iasalated  <m  a  glass 
staod^andafixtiue;  the  other 
attached  to  a  metiillic  stos, 
which  inlmorly  tenniiiates 
iaapivot,  so  that  the  plate  of 
^ke  instmment  marked  A, 
although  zepxeieoted.  vortical 
in  the  dcetch,  may  be  tamed 
back  at  an  angle,  and  laid 
henjsontally  if  desired*  Oeca-  . 
•lonally,  instesd  of  attaching 
this  plate  by  meaoa  of  a 
hinge,  it  is  fitted  to  a  slide,, 
which  enables  it  to  be  removed  fixmi  the  plaice  B,  stiU  retaining  its  vertieal  phme. 

I  In  order  to  understand  the  theory  of  the  eoadeiwer,  the  most  coiiTeiu^t  plan  is  to 
impress  the  mind  with  the  result  that  would  take  place  op.  one  insulated  disc  when 
touched  with  an  dectrically  excited  body.  'Ficm  what  has  been  already  stated,  itwiU 
be  evident  that  the  total  amount  or  charge  of  electrieity  capable  of  being  received  by 
such  a  disc,  will  depend  onithe  amount  of  opposite  polar  inflwnee  capable  of  exuttia^ 
in  bodies  around  or  near  it ;  and  if  a  conductor  should  happen  to  be  ia  its  vicinity,  this 
disc  should  receive  a  stronger  charge  than  if  such  conductor  were  away.  The  .second 
plate  of  the  condenser,  therefore,  supplies  this  definite  theoretical  iBdieation,  and 
enables  the  first  i^ate  to  ae^piire  more  electrieity  than  it  otherwise  would.  Still,  while 
the  plates  are  opposed  to  each  other,  no  eleetrieal  inflnenee  is  mswiftfated^  tiae  two 
systems  being  mutually  balanced.  But  immediately  one  plate  is  removed,  then  the 
remaining  plate  contains  an  overcharge  of  electricity,  which  it  oan.  impart  to  aaiy  other 
conductor  by  simple  contact.  The  diagram  repceaeots  the  condenser,  united  by  a  con- 
ductiiig  wire  with  a  gold-leaf  electrometer  iu  the  act  of  divei^gegeM^e.  Strictly  speaking, 
however,  the  divergence  would  imly  have  occnned  when  the  plate  A  of  the  eoadepser 


ng.2. 


had  been  withdrawn. 
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The  method  of  using  the  condenser  will  be  evident  from  a  consideration  of  the  prin- 
ciples on  which  it  is  based.  The  two  plates  being  placed  in  opposition  (not  in  contact), 
plate  B  is  touched  with  the  substance  whose  electricity  is  to  be  examined,  and  A  is 
simultaneously  touched  with  the  finger  or  •  conductor,  if  it  do  not  happen  to 
be  mounted  on  a  conducting  stem.  This  process  being  several  times  repeated,  the 
binary  system  becomes  fully  charged,  and  accurately  balanced— the  electricity  of 
one  disc  against  tiiat  of  the  other.  Immediately,  however,  disc  A  is  removed, 
then  the  original  balance  between  the  two  systems  is  destroyed,  B  has  a  surcharge 
of  electricity,  wlii(^  it  transmits  to  the  electrometer  learea,  and  thus  causes  them  to 
diverge. 

'  The  Slectxical  Machine. — ^Hitherto  in  our  development  of  tike  laws-  of  elec- 
trical phenomena,  the  very  simplest  means  of  electrical  excitation  were  adopted.  It 
would  be  possible,  without  having  recourse  to  more  complex  apparatus,  to  push^ur 
investigations  still  further ;  nevertheless  they  will  be  greatly  fiicilitated  by  no  longer 
trusting  to  the  minute  quantities  of  electricity  already  developed,  and  employing  the 
electrical  machine,  a  description  of  which  I  will  now  proceed  to  give.  The  term  elec- 
trical machine,  it  should  be  premised,  is  limited  to  include  those  instruments  merely 
which  yield'electrieity  by  Motional  excitation.  la  the  strict  language  of  philosophy, 
Voltaic  batteries  are  electrical  machines,  as  are  also  those  eombmations  now  so  preva- 
lent by  means  of  wiudi  electricity  is  developed  firom  magnets.  None  of  these  instru- 
ments, however,  are  usfually  termed  electrical  machines.  The  electrical  machine,  in 
its  most  generally  received  acceptation,  consists  in  some  mechanical  arrangement  for 
extending  and  enlarging  the  frictional  efforts  already  described,  and  conducting  and 
retaining  the  resnHing  power.  It  admits  of-  vaiious  medifertionfl  as  io  form,  bot  the 
philoBophieal  piind^les  on  wMeh  it  is  founded  nerer  vary.  An  deetrical  machine 
consists  of  three  main  portions,  namely,  the  rubber,  or  friction  giver ;  the  electric  sur- 
face,  or  friction  receiver;  and  tiie  prime  conductor.  The  very  oldest  electrical 
madnnes  had  their  eiectric  snrfaoe  constituted  by  a  glass  globe,  and  the  rubbing 
apparatus  was  flannel,  or  other  material  hiAd  in  iht  hand.  Subsequently  glass  globes 
were  found  to  bo  inconrement  in  practice,  and  cylinders  were  mounted  in  their  stead, 
the  Mction'-giTing  portion  of  the  machine  being  no  longer  held  in  liie  hand,  but  made  a 
fixture.  Occasionally  the  prime  conductor  was  ake  fixed  in  the  eariy  electric  machines, 
but  more  frequently  detached.  At  piesent  the  electric  surfeoe  is  more  usually  made  in 
the  Inrm  of  a  plate  than  cylindiical,  many  practiced  difficulties  occurring  to  prevent  tibe 
formation  of  cylinders  of  large  mxe,  Whether  a  flat  plate  or  a  cylinder,  however,  the 
geaieral  principles  on  which  the  eonstraetion  of  an  electrical  machine  is  based  are  not 
alfeeted,  as  will  be  easly  recognised.  In  all  electrical  machines,  the  prime  conductor. 
Of  instrument  which  conveys  away  the  electricity  from  the  electric  emUuce,  is  insulated 
by  glass^the  i^ason  of  which  provision  will  be  obvious  from  a  eoosldsration  of  what 
has  gone  before. 

La  cylindrical  machines  the  rubber  is  also  insulated,  condUiOtioii  being  eetahlishedy 
when  necessary,  between  it  and  the  ground,  by  interposing  a  metallic  chain.  The  «»- 
trivance  of  inflating  the  rubber  affords  certain  frMrilttiea  in  the  pvodnetioa  of  resinous, 
or  negative  electricity,  as  we  may  now  'call  it,  under  the  limitation  already  given ; 
bat  it  is  a  provision  rather  difficult  of  execution  in  plate  machines,  and  is,  therefore,  in 
the  latter  frequently  omitted.  Occasionally,  when  the  rubber  is  insulated,  it  is  attached 
to  a  i^ime  conductor  of  its  own.  The  following  woodcuts  represent  a  eylindrk^  and 
a  plate  machine  respectively. 


Digiti 


zed  by  Google 


220  ACTION  AKD  MANAGEMENT  OF  THE  MACHINE. 


Action  of  the  Electrical  M>chlne;— It  has  already  been  demonstrated,^  that 
when  a  rod  of  glass  is  rubbed  hj  means  of  a  piece  of  flannel,  the  glass  itself  becomes 
eleotrifled  in  one  state,  and  the  flannel  in  the  other.  These  facts  being  appreciated,  the 
action  of  the  electric  machine  will  be  evident  Regarding  the  various  portions  of  the 
machine  as  one  electric  system,  each  part  cut  off  by  means  of  insulating  legs  from  all 
electric  communication  with  the  groimd,  then  the  total  accumulation  of  electricity  in 
the  prime  or  positive  conductor,  or  that  to  which  the  rubber  is  not  attached,  will  be 
limited  to  the  total  amount  of  positive  electricity  originally  existing  in  the  system,  and 
will  be  exactly  balanced  by  the  amount  of  negative  electricity  originally  existing  in 
the  system,  and  which  is  now  determined  towards  the  rubber.  Under  these  circum- 
stances the  tension  or  tendency  of  the  electricity  accumulated  at  the  prime  conductor 
wiU  be  very  slight  Iff  however,  metallic  communication  be  established  between  the 
rubber  and  the  ground,  then  the  tendency  of  the  prime  conductor  to  evolve  electricity 
will  be  in  the  direct  ratio  of  its  own  surface  to  that  of  the  whole  surface  of  the  earth. 
Thi^  ratio,  it  will  be  seen,  is  practically  infinite ;  therefore  electricity  will  be  now 
evolved  from  the  prime  conductor  so  continuously,  that  it  is  somewhat  difficult  to  pre- 
vent the  mind  associating  itself  with  the  idea  of  a  real  electric  current:  although,  in 
point  of  fact,  this  seeming  current  is  probably  nothing  more  than  a  series  of  rapidly- 
occurring  polarities,  assumed  and  immediately  resolved. 

Management  of  the  Slectzical  Machine.— The  two  chief  points  to  be  attended 
to  in  the  management  of  apparatus  connected  with  the  development  and  preservation  of 
Motional  electricity  are  absolute  cleanliness  and  absolute  dryness.  Any  flagrant  viola- 
tion of  either  of  these  conditions  will  be  found  incompatible  with  the  successful 
performance  of  electrical  experiments.  The  necessity  for  perfect  dryness  naturally 
suggests  the  avoidance  of  water  in  the  cleansing  operation;  hence  alcohol  or  oil  is 
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substituted  in  its  place.  The  £:ictioiial  surface  of  the  machine,  whether  a  plate  or 
cylinder,  should  be  carefully  examined  for  all  specks,  stains,  and  other  impurities, 
which  being  remored,  so  far  as  they  permit,  by  the  exercise  of  mere  rubbing 
with  a  piece  of  chamois  leather  or  silk,  any  remaining  portion  should  be  moistened 
with  olive  oil,  loosened  by  renewed  friction ;  finally,  the  oil  should  in  its  turn  be 
wiped  o£^  and  the  glass,  if  not  perfectly  clean,  moistened  with  alcohol,  and  rubbed 
until  dry. 

As  regards  the  rubber  portion  of  the  machine,  it  does  not  consist  of  a  simple  pad, 
but  the  surface  of  the  pad  is  smeared  with  an  amalgam  of  tin,  zinc,  and  mercury — a 
mixture  which  is  found  to  conduce  to  electrical  development ;  but  as  this  compound 
soils  the  glass  portion  of  the  machine,  the  latter  requires  to  be  cleansed  from  adhering 
streaks  of  dirt  more  frequently  than  it  otherwise  would. 

The  next  point  for  consideration  is  the  composition  and  formation  of  the  amalgam, 
also  the  method  of  laying  it  upon  the  surface  of  the  rubber. 

The  amalgam  itself  is  formed  of  tin,  zinc,  and  mercury,  equal  parts  of  each.  The 
two  former  are  fused  together  in  an  iron  ladle,  the  mercury  added,  rapidly  incorporated, 
at  once  removed  from  the  fire,  thrown  into  a  wooden  box  containing  powdered  chalk, 
and  agitated  until  cold.  It  is  now  transferred  to  a  mortar,  aU  inequalities  broken  down 
with  the  pestle,  and  incorporated  with  about  one-eighth  of  its  own  bulk  of  pomatum. 
The  amalgam,  thus  prepared,  may  be  squeezed  into  a  mass  and  smeared  over  the  surfSace 
of  the  rubber. 

When  elec&ical  experiments  are  carried  on  in  an  airy,  well- ventilated  room,  when 
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the  weather  is  moderately  dry,  and  the  indiyiduals  present  are  but  few,  there  is  no 
great  difficulty  experienced  in  preventing  the  ^deposition  of  aqueous  vapour  upon  the 
various  parts  of  the  machine.  The  case  is  otherwise,  however^  when  prosecuting 
electrical  experiments  in  a  crowded  apartment,  such  as  a  lecture  room.  Under  these 
circumstances,  much  care  is  necessary  to  insure  such  a  state  of  dryness  as  may  not  be 
incompatible  with  experiments.  Perhaps  the  best  means  of  accomplishing  this  consists 
in  placing  on  the  lecture-table,  in  the  vicinity  of  the  machine,  little  furnaces  or 
chafing-dishes  containing  ignited  charcoal.  For  the  purpose  of  increasing  the  radiating 
or  heat-giving  surface,  discs  of  metal,  circular  by  preference,  should  also  be  sup- 
ported over  the  glowing  charcoal  by  any  adequate  means.  Oaa  and  oil  lights  do 
not  answer  well  the  end  desired.  A  main  resuH  of  dieir  combustion  is  water, 
which  greatly  counteracts  the  direct  effects  of  hmL  Burning  charcoal  is  not 
attended  with  this  disadvantage;  the  result  of  its  oombufltuMk  being  carbonic  acid 
alone. 

As  regards  the  glass  insulating  legs  of  the  machine,  it  is  difficult  to  keep  them 
quite  dry,  except  they  be  overlflid  with  vamish.  That  which  answers  most  satisfac- 
torily for  the  purpose  is  a  solution  of  shellac  in  spirit  of  wine.  By  the  aid  of 
the  electrical  machine,  our  Imowledge  of  eleettical  ageneiea  may  be  now  further 
extended. 

Does  EUetridtyy  whilst  at  re&t,  penetrate  the  whole  st/bstemce  of  a  body,  oris  it  eon- 
fined  to  the  gurfae^f — The  experiments  necessary  to  the  investigation  of  this  subject 
admit  of  performance  without  the  electrical  maehine ;  but  they  are  so  much  more 
readily  conducted  by  the  aid  of  that  instrument,  that  I  have  thought  it  desirable  to 
postpone  their  consideration  until  the  present  time. 

If  any  hollow  vessel  of  conducting  material  be  taken  (an  ice-pail  answers  perfectly 
well,  placed  upon  a  stool  having  glass  legs,  and  hence 
commonly  known  as  the  insulating  stool),  an  deetriiUd 
body  brought  into  contact  with  the  h<^ow  vessel  neoes- 
sarily  conveys  electricity  to  the  latter.  In  conducting 
this  experiment,  the  electricity  may  be  taken  from  the 
prime  conductor  of  an  electriead  machine  by  direct  metal- 
lic contact  with  the  latter,  and  a  canier-ball  of  metal, 
insulated  by  attachment  to  a  silk  cord,  may  be  employed 
to  convey  away  the  electricity  from  the  charged  vessel 
to  the  testing  electrometer. 

Arrangements  being  thus  made,  if  the  carrier-ball  be 
brought  into  contact  with  the  external  suzface  of  the 
vessel,  then  removed  and  caused  to  approach  the  plate 
of  a  delicate  electrometer,  the  gold  leaves  will  instantly 
diverge,  thus  proving  the  existence  of  electricity.  If,  however,  the  canier-ball  be 
now  dipped  within  the  vessel,  brou^  into  contact  with  its  inner  8ur£aoe,  and  again 
brought  into  contact  with  the  electrometer  plate,  not  the  alighteat  divergeooe  will 
ensue ;  thus  proving  that  the  dectric  influence  is  totally  confined  to  the  external 
portion  of  the  vessel.  Nor  is  the  general  result  altered  if,  instead  of  a  vessel  having 
solid  sides,  one  having  orifices  be  substituted — such  as  a  mesh-wurk  cage  of  wire 
gauze.  But  perhaps  the  most  striking  form  of  conducting  tiie  ezpoament  is  as 
follows : — 

The  annexed  vessel  represents  an  instrument  composed  of  an  inwilftting  glass 
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handle  and  a  brass  ring, — a  heayy  brass  bottom,  the  latter  suspended  to  the  ring  by 

means  of  network  of  linen,  not  silk,  threads.    A  net- 
work of  metallic  wire  would  have  better  fbMDed  one 

condition  of  the  experiment;   but  it  would  hare 

necessarily  been  rigid,  and  consequently  unadapted 

to  the  mechanical  necessities  of  the  instrument,  as 

will  presently  appear. 

The  object  of  this  contriTance  is  as  follows :— By 

means  of  dexterous  manipulation  it  admits  of  being 

turned  inside  out  without  touching ;    so  that  the 

internal  portion  of  the  net  may  be  made  at  pleasure  | 

the  external  portion,  and  vies  tena.    If  the  insulated  V 

carrier-ball  be  dropped  inside  this  network,  brought  ) 

in  contact  with  the  metallic  bottom,   remored  and 

tested  by  means  of  a  gold-leaf  or  torsion  electro- 
meter, not  the  slightest  electrical  excitation  will  be  { 

manifested;  whereas,  by  rerersing  the  conditions, 

ample  proof  of  electricity  will  result. 

Perhaps  no  derices  can  more  strikingly  illustrate  the  propontion  tiiat  Aetricity, 

whilst  at  rest,  occupies  the  surikce  of  bodies,  than  these  already  cited ;  the  following, 

however,  being  easy  of  execution,  may  be  stated. 

Let  A  be  an  insulated  metallic  baU,  charged  with  electricity,  and  B  0  metallic 

heml^hencal  eups,  which  being  approximated,  by  means  of  their  insulating  glass 

handles  p  and  ^,  embraoe  the  ball. 
Under  these  circumstances  the 
charged  ball  will  be  found,  if  in- 
closed within  its  metallic  hemi- 
spheres for  an  instant  and  the  cups 
remored,  to  hsTO  lost  all  its  elec- 
tiieity.  Another  form  of  demon- 
stration is  as  follows : — S  is  a^sheet 
of  thin  metallic  foil,  wound  round 
a  cylinder,  c,  which  latter  is  in- 
sulated.   Attached  to  the  cylinder, 

by  metallic  commimication,  are  two  pith  balls,  which  Berra  the  purpose  of  an  elec^x»o(^. 

By  turning  the  cylinder  on  its  axis  the  metallic  foil  will 

be  woimd  up,  its  surface  being  lessened,  although  its 

metallic  mass  remain  the  same.     Under  these  circum- 

stances  the  pith  balls  will  diverge,  indicative  of]  an 

increased  tension  or  accumulation  of  electricity  on  a 

limited  area.      This  experiment  is  the  more  striking 

that  it  does  not  require  electricity  to  be  imparted  from 

any  extraneous  source ;  the  electricity  naturally  exist- 
ing in  the  metallic  leaf  being  that  which  is  called  into 

active  play. 

The  preceding  experiments  are  direct;   but  the 

proposition    may    be    demonstrated    indirectly,    by 

experiments  which  have  already  been  mentioned  with  a  different  object.      The 
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mutiial  Fepulsion  of  light  bodies,  when  duly  considered,  is  another  proof  that 
electricity  resides  on  outside  surfaces,  and  Uiat  in  endearouring  to  get  as  far  as 
possible  away,  it  carries  with  it  the  light  bodies  themselves ;  the  demonstration,  how- 
ever, is  rendered  more  striking  by  employing  an  instrument  of  this  kind : — a  is  a 
vertical  stem  of  conducting  material,  insulated  by 
placing  it  on  a  glass-legged  stool ;  ss  ss^  &c.,  are  strips 
of  paper  attached  to  its  upper  extremity.  "When  the 
stem  a,  and,  consequently,  the  strips  of  paper,  8  s  s  s, 
are  brought  into  communication  with  the  charged  prime 
conductor  of  an  electrical  machine,  a  mutual  separation 
of  the  strips  of  paper  takes  place.  They  are  not,  how- 
ever, equally  separated  throughout  their  whole  depth. 
The  outside  ones  separate  first;  and  when  they  are 
sufficiently  removed  £:om  the  central  influence,  others 
follow.  Now  it  has  already  been  demonstrated  that  bodies  similarly  electrified  repel 
each  other ;  consequently,  if  the  electricity  were  equally  distributed  throughout  the 
entire  layers  of  paper  sHps,  they  should  undergo  mutual  repulsion  throughout  their 
entire  depth. 

The  Allowing  experiment,  again,  illustrates  the  same  proposition;  and  it  will  be 
found  to  have  a  double  significance :— ^  is  an  insulated  conducting  stem,  terminated  by 
a  metallic  platform,  b;  0  is  a  little  basket,  or  any  other 
vessel  of  conducting  material,  possessing  a  similar  depth 
and  general  shape.  The  basket  contains  shreds  of  tissue- 
paper,  each  about  an  inch  square.  If  the  basket  and  its 
contents  be  now  brought  in  communication  with  the 
prime  conductor  of  an  electrical  machine,  and  if  the 
prime  conductor  be  very  gradually  charged,  a  portion  of 
the  paper  shreds  may  perhaps  be  repelled,  and  fly  out  of 
the  basket.  Whether,  however,  this  result  takes  place  or 
not  depends  entirely  on  the  depth  of  the  basket ;  and  by 
supplying  a  basket  of  sufficient  depth,  the  mutual  repul- 
sion of  the  paper  slips  may  be  altogether  prevented. 
Instead  now  of  exposing  the  paper  slips  in  a  basket 
to  electrical  influence,  place  them  on  the  metallic 
disc  by  and  bring  the  apparatus  in  communication  with  the  prime  conductor  of  an 
electrical  machine  as  before.  Mutual  repulsion  between  the  paper  cuttings  now 
takes  place ;  they  rise  out  of  the  basket,  extend  outwards,  and  ultimately  fall.  Thus 
it  is  recognised  that  the  act  of  mutual  repulsion  is  dependent  on  the  depth  of  the 
basket— on  the  amount  of  ouUidedneaSf  to  use  an  allowable  expression,  possessed  by  the 
apparatus. 

But  the  experiment  has  another  signiflcance :  the  paper  shreds  are  not  scattered 
at  once  throughout  their  whole  depth,  as  they  would  have  been  by  the  exercise 
of  a  homogeneous  repulsive  force,  but  the  outside  pieces  are  first  repelled,  then 
follows  another  layer,  then  the  next,  and  so  on  to  the  ,'end.  A  consideration  of  this 
tendency  of  electricity  to  approach  the  outside  of  conducting  bodies  is  one  which  has 
numerous  practical  bearings,  and  merits  a  still  more  attentive  consideration  than  has 
already  been  given  to  it.  The  theory  of  lightning-conductors,  for  instance,  mainly 
depends  upon  it,  as  will  soon  be  manifest. 
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OvOMLedmrnm  •f  Bl«etfi€tt:f  Piovvd.— Startiiig  fioDL  ibe  origiiial  proposi- 
tion, tikat  electiieity  £b  aloae  confined  to  tito  ontdde  of  bodies,  it  will  now  be 
desipiA^  to  trace  its-  relatioB  to  condn^ton  tif  Tuimu  ahapee ;  and  hero  I  shall 
have  oeeasion  to  employ  a  term  abeadf  adopted— on^mMMW.  A  alight  consideration 
of  yarioos  mathematical  solids  wiil  demonstrate  that  each  sotid  poasesBSS  an  amount 
of  oatadednees  peenliar  to  itwlf  f  anderstanding  hf  tiiat  tenn  the  mntnal  distance 
of  ^petinto  en  the  snrfiMse  of  each  solid  from  the  latter's  centic.  It  will  be  evident 
that  a  s^iere  wiK  have  this  oitsidedhess  move  eqnaUy  diffiiaed  tiian  any  other  form 
whate^^er;  and  thai  a  point  will  depart  to  ike  fiuihest  extent  possible  from  this 
conditioii.  It  feflows,  ^er^re,  that  electricity  should  be  most  capably  diffused 
over  the  snrfaoe  of  a  sphete ;  and  in  proportion  as  the  condnetor  assumes  tiie  pointed 
form,  so  win  the  electric  inequality  be  greatest.  Experiment  bears  out  the  supposition 
most  remarkably.  If  a  spherical  insulated  conductor  be  brought  into  communication 
with  the  machine,  and  sparks  drawn  firom  the  sphere  by  approaching  it  with  a  metallic 
knob,  it  will  be  found  that  on  all  aspects  of  the  spherical  conductor,  sparks  of  equal 
sixe— -in  other  words,  of  equal  character  or  powei>-may  be  drikwn.  Immediately,  how- 
ever,  that  the  spherical  form  is  departed  from,  a  difierent  resalt  is  obtained.  Taking  a 
cylind^,  for  instance,  it  will  be  found  that  a  spark  drawn  from  either  extremity  differs 
in  quality  from  the  spark  drawn  from  either  side ;  and,  in  short,  without  needlessly 
multiplying  further  examples,  a  similar  progression  of  resulto  will  be  made  evident  ss 
the  experimenter  proceeds  fh)m  the  spherical  to  the  pointed  type.  At  length,  when 
arrived  at  the  pomted  form,  tiie  experimenter  wiH-  dlwsover  that  the  electrical  Conden- 
sation tension,  or,  to  adopt  the  language  of  the(»y,  electrical  pressure,  is  so  grea%  that 
no  spark  whatever  can  be  drawn  from  the  point  from  which  the  electricity  escapeain  a 
continuous  streams.  To  demonstrate  this  prop08iti<m  nothiz^  more  is  required  than  the 
attachment  of  a  needle  to  a  prime  conductor  m  such  a  manner  that  the  point  of  the 
needle  looks  outward.  Under  this  arrangement  it  will- be  impossible  to  retain  electri- 
city on  the  prime  conductor ;  and  if  the-  experiment  be  perlbrmed  in  a  darkened  room, 
the  escape  of  dectridty  wiH  be  rendered  manifest  by  the  appearance  of  a  luminous 
object  known  as  the  dectric  pendl  or  hrusk. 

The  prece£iig  experiment  has  been  described,  for  the  sake  of  ehnplicity,  as  thon^ 
the  passage  of  electricity  had  reflbrenee  to  the  prime  conductor  of  the  machine  alone, 
considered  as  an  dectric  source ;  but  it  will  be  obvious,  from  a  proper  application  of 
the  theory  of  induction  idready  explained,  that  the  machine  prime  conductor  can  only 
be  regarded  as  the  representative  of  one  member  of  a  duality,  the  second  member  of 
which  is  the  whole  earth.  In  other  words,  regarding  the  prime  conductor  of  an  elec> 
trical  madiine  as  electrified  -^  or  pins,  this  electricity  must  be  balanced  by  its  coun'^ 
terpart  of  —  or  minus  electricity  existing  on  some  othesi  body ;  which  body,  provided 
no  amount  of  insulation  take  place,  is  the  whole  earth.  Whence  it  fbllows  thAt  aU 
which  has  been  stated  in  refbrence  to  the  giving  out  of  dectricity  by  the  prime  con- 
ductor^ or  conductors,  of  various  shapes,  brou^t  into  electric  communication  with  it, 
apply  conversely  to  a  reversal  of  the  arrangemente  already  detailed ;  or,  to  be  practical, 
if  a  needle  attached  to  the  machine  prime  conductor  be  potent  in  giving  out  dectricity  to 
the  earth  prime  conductor— so  conversely  a  needleattached  to  the  earth  prime  conductor— 
(t. «.,  held  in  the  operator's  hand),  will  be  equally  potent  in  receiving  electricity  from 
the  prime  conductor  from  the  machine ;  and  generally  the  proposition  in  its  widest 
significance  may  be  thus  embodied :  The  capability  of  any  meohanieai  form  for  giving 
eUctrieity  ia  equal  to  iU  capability  for  receiving  it. 


CHEMitTRY.— No.  Vitl. 
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Thus  tihe  general  proposition  is  demonstrated  that  electricity  resides  on  the  surface 
of  bodies,  not  penetrating  to  any  sensible  depth ;  hence  the  capacity  for  electricity— to 
use  a  figurative  term— wtHI,  ceteris  paribus,  be  proportionate  to  the  area  of  surface.  It 
must  be  pointedly  inculcated,  however,  that  this  remark  only  applies  to  electricity  in 
a  static  or  motionless  condition.  Where  electric  currents  are  concerned,  the  power  of 
a  conductor  to  transmit  a  given  charge  is  proportionate  to  the  mass  of  conductor  of 
equal  conducting  power.  This  is  a  circumstance  of  great  practical  importance ;  on 
its  comprehension  is  based  the  construction  of  lightning  rods;  experience,  having 
determined  that  for  each  conducting  body  there  exists  a  solid  transverse  section,  com- 
petent to  give  ready  passage  to  the  largest  known  discharge  of  atmospheric  electricity. 
The  following  numbers  represent  the  facility  with  which  different  metals  conduct 
electricity: — 

Silver 136 

Gold 103 

Copper 100 

Zinc 28 

Platinum 22 

Iron 17 

MOTCury 2-6  _ 

The  Leyden  Jar. — ^This  powerful  agent  of  electrical  condensation  involves  no 
principle  that  has  not  already  been  described.  Its  construction  is  based  upon  a  direct 
application  of  the  laws  of  induced  electricity.  The  casual  examination,  however,  of  a 
Leyden  jar  is  suggestive  of  another  idea — ^the  idea  of  electricity  as  a  material  fluid 
capable  of  being  preserved  in  vessels  of  capacity.  It  was  this  idea,  indeed,  which  led 
to  the  discovery  of  the  Leyden  jar ;  the  history  of  which  is  curious. 

In  the  year  1743,  Cuneus  and  Muschenbroek,  of  Leyden,*  imbued  with  the  senti- 
ment then  universally  prevalent  that  electricity  was  a  material  fluid  entity,  bethought 
themselves  of  trying  whether  the  fluid  could  not  be  accumulated  and  preserved  in  a 
non-conducting  vessel  filled  with  a  conducticig  materiaL  The  vessel  they-employed 
was  a  glass  phlal>-the  conducting  material  water.  Into  thebottie  a  nail  was  tiirust  in 
such  a  manner  as  to  establish  electric  communication  between  the  conducting  material 
(water)  internally,  and  the  charged  prime  conductor  of  an  electrical  madiine.  An 
experimenter  now  taking  the  bottle  in  his  hand,  and  causing  the  nail  to  approach  the 
prime  conductor,  drew  electricity  from  that  source  until  no  more  would  flow — the 
bottle,  to  adopt  the  expression  of  a  former  period,'being  fiiU.  He  now  approached  the 
knuckle  of  his  finger  to  the  nail,  expecting,  no  doubt,  to  receive  a  spark  of  just  the 
same  force  as  he  might  have  ^received  from  the  prime  conductor  itselfl  Instead  of  this, 
hoTV^ver,  he  received  a  shock;  and  a  new  field  of  observation  was  opened.  As  the 
fullest  details  connected  with  the  formation  of  this  primitive  electric  bottie  are  on 
record,  we  may  form  a  just  appreciation  of  the  power  of  the  received  shock.  It  must 
have  been  altogether  insignificant  4  yet  so  great  was  its  novelty,  so  unexpected  its 
occurrence,  that  it  terrified  Muschenbroek  extremely,  so  that  he  protested  he  would 
not  receive  a  similar  shock  for  all  the  kingdoms  of  Europe. 

It  must  be  confessed  that  a  casual  examination  of  the  electric  or  Leyden  jar  is  sin- 
gularly suggestive  of  the  idea  that  electricity  is  collected  in  it  bodily.  The  idea, 
however,  is  soon  dispelled  by  further  (investigation.  If  it  were  really  true  that  the 
•  "Hist,  de  rAcademie,"  1746. 
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theory  ol  this  inatrument^e  referable  to  the  mere  retentioiL  of  electricity  by  a  siuro^xid- 
XDg  non-conductor,  then  it  follows  that  the  bottle  should  not  require  an  outside  coating: :. 
it  would  follow,  moreover,  that  the  thicker  the  bottle  the  better  the  efiEiect  Keiiher 
is  true.  There  must  be  an  extemal.conducting  layer  of  some,  kind,  and  the  glass  must 
not  be  too  thick.  But  in  what  did  the  external  coating  of  the  first  Leyden  jar  consist  ? 
The  hand  of  the  operator  himself;  without  which,  or  some  equiyalent,  as  was  soon 
discoyered,  the  experiment  could  not  succeed.  As  at  present  constructed,  the  Leyden  jar 
consists  of  a  glass  vessel  or  bottle,  of  about  the  usual  thickness,  coated  internally  as 
well  as  externally  with  tinfoil,  which,  however,  stops  short  at  a  certain  distance  from 
the  mouth  of  the  jar :  this  distance,  practice  alone  can  determine.  In  makmg  these 
jars,  many  practical  considerations  have  to  be  regarded,  which  it  is  unnecessary  here  to. 
state  *..  it  is  proper  to  mention,  however,  as  involving  something  more  than  making  the 
jar,  that  it  is  a  good  plan  partially  to  overlay  the  extreme  edge  of  the  tinfoil  internally,. 
with  a  slip  of  paper  about  half  an  inch  in  wid<^,  in  such  a  manner  that  one-half  of 
the  paper,  or  a  little  more,  may  be  in  direct  contact  with  the  glass  sides,  whilst  the 
remaining  portion  of  paper  surface  is  in  direct  contact  with  the  tinfoil.  By  this  con- 
trivance, any  little  asperities  or  points  existing  on  the  cut  edge  of  the  tinfoil  may  be 
guarded,  and  thus  their  tendency  to  dissipate  their  charge  greatly  obviated.  A  similar 
adaptation  might  be  made  with  increase  of  safety  to  the  external  coating  also ;  but 
tibius  situated:  it  would  be  liable  to  abrasion,  and,  moreover,  the  internal  protection 
usually  suffices..  Begarding  the  Leyden  jar  as  the  application  of  a  principle,  we  may 
now  with  advantage  proceed  to  assume  various  alterations  in  its  shape,  in  order  that  its 
dependence  on  electrical  conditions  already  made  known,  may  be  the  more  lucidly 
demonstrated.  Abandoning  the  obsolete  theory  which  referred  the  concentsation  of 
electricity  to  the  shutting  up  of  the>  influepoce.  in  a  vessel  of  capacity, 
it  would  follow  that,  instead  oi  a  bottle^  any  double-coated  layer  of 
non-conducting  matodal  would  be  equally  efficacious.  Such, 
indeed,  is  the  case ;  the  form  of  glass  sheet  on  which^  the  con- 
ducting lay6r  is  imposed  being  purely  a  matter  of  convenience,  a 
flat,  doubly-coated  sheet  of  glass,  as  represented  in  the  subjoined 
diagram,  answers  perfectly  well,  and. the  slightest  attention  wiU 
at  once  show  that  such  an  airangement  is  virtually  that  of  Volta's 
eondensex~a*full  description  of  which  has  been  given  at  page  218, 
and  which,  by  comparison  with  the  Leyden  jar,  will  be  seen  to  bear 
out  the  remark..  In  the  Leyden  jar,'  or  its  analogue^,  the  inter- 
posed non-conducting  agent  is  glass ;  in  Yolta's  condenser^  the 
interposed  non-eonducting  agent  is  atmospheric  air..  This 
difference^  it  will  be  seen,  is  not  one  of  principle,  but  of  con- 
struction :  virtually,  therelbre,  the  two  instruments  are  identi- 
cal. Aitdn  what  has  been,  stated  concerning  Yolt&'s  condenser, 
little  remains  to  be  said  about  the  Leyden  jar,  the  nature  of 
which,  will,  immediately  be  evident.  On  bringing  the  knob  0, 
which  may  be  considered  as  an  extension  of  the  internal 
coatiag,  in-  ccmtact  with  the  prime  c(mductor,-  the  internal 
coating  recaves  a  -^  or  positive  change,  equiyalent. in  power 
to  the  amount  of  —  or  negative  influence  susceptible  of  con- 
centration in  its  vicinity.  Now  this  amount  of  condensation  will  depend,  ceteris 
paribuB,  on  the  extent  and  the  pnudmity,  within  certain  limitB,  of  conducting  surfaces ; 
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and,  izmnudi  as  the  external  or  opposed  metallic  coetmg  fonriahes  the  ^xniinifcj 
o{  vdriKB  imder  tiie  most  fitTOurable  theoretieal  ooiLditiaii%  Hie  Leyden  jar  heoomei 
adapted,  aocordiiig  to  a  piimaiy  law  of  eleetridtj,  to  receiTe  the  maxmnmi  aaumnt 
of  eleebrio  infiiieiice.    If  the  glass,  or  «ter  interposed  medium,  he  too  thick,  then 

tiie  power  of  the  in- 
stmmept  cKminiBhes,  in 
oonseqtienee  of  tiie  op« 
posed  metallie  plate 
being  too  £su:  remoted. 
If,  oQ  the  coBtrary, 
the  glass  be  too  thin, 
it  is  liable  to  be  broken 
by  tiie  deetrie  pcdar 
eonfllet  which  takes 
place  iamidBt  its  par- 
tieles.  By  incnanig 
tlie  dimennoiis  of  a 
Leyden  jar,  or  (what 
amoonts  tx)  the  sane 
thing^  by  increasing 
tike  number  of  jais 
in  commoiKication,  the 
power  of  the  'Coinhfina* 
tion  may  be  inereased  to  an  extent  only  limited  by  the  power  of  the  machine  eiaq^ed 
in  charging  it.  Such  a  combinatacm  of  jars  is  termed  the  Leyden,  or  the  efeetric,  battety 
—an  apparatus  by  means  of  wldch  the  most  magnifioest  displays  of  ^eetrical  power 
may  be  evideneed,  and  all  the  tremendous  eSoeta  xnf  lightning  imitated. 

Method  and  EffiBeta  iff  J)i8ehargiing  the  Lofim  Jar  9r  Bititeiy.  —  The  ordimny 
mode  of  ascertaining^  the  degree  of  tension  at  which  the  electricity  of  a  Leyden  com- 
bination has  arrived  is  by  means  of  tiie  Henley's  quadrant  electrometer,  as  it  is  caUed,  aa 
instrument  which  is  represented  in  tiie  accompanying  woodcut,  and 
the  indications  of  which  depend  on  the  repulsion  of  a  pi^-bafl 
attached  to  one  end  of  «  thin  wooden  iQlament,  the  other  end  oi 
which  turns  on  a  yertioal  pirot.  Hie  deflections  of  this  wooden 
filament  are  proportionate  to  the  tension  of  electricity  wi&in  the 
system ;  and  being  read  off  on  a  graduated  ivory  scale,  the  pro- 
gress ol  the  electrical  charge  may  be  approximately  estimated. 
When  the  jar  or  system  has  been  «iiaiged,  it  may  be  ^scharged 
by  establishing  a  metalHo  or  other  suitable  conducting  diannel 
between  the  two  coatings.  This,  in*  the  language  of  electricity, 
is  denominated  eompUting  the  eirewit;  and  bodies  on  which  it  is 
desired  to  operate  by  means  of  the  accumulated  electricity  must 
be  made  part  of  this  circuit.  Various  methods  are  had  recourse  to  for 
establishing  tiiis  communication ;  but  the  instrument  commonly 
employed  is  teamed  the  discharger,  represented  on  the  following 
page.^  Mere  inspection  of  this  instrument  will  show  that  it  is 
well  adapted  for  the  purpose  intended.  The  distance  between  the  outude  coating 
and  the  knob  communicating  with  the  internal  coating  being  judged  of  ^  the  eye. 
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the  brwa  «nM  of  the  instrument  admit  of  reguktion  by  meaiui  of  the  piyot  &om 

whidi  ihey  di'ferge ;  and  tbe  i^aas  iiwnlating 

handle  ohriateB  the  chanoe  of  an  eleetnc 

ihcK^  or  the  diasipatiuQiL  of  pasting  electiicitj. 

What  the  instmmeiLt  is  thua  applied  to  a 

charged  Leyden  jar  or  ayttem,  a  report  ia 

heard  proportionate  to  thotensioA  of  the  eleo> 

tdoity  collected,  a  spark  is  mem  passing 

throng  the  air  at  the  point  t,  electric  equi- 

libiium  ia  restored,  and  th0  jar  or  system,  ia 

said  to  be  discharged. 

Althon^^  the  eommon  discharger  is  snfflcient  for  effeotiag  the  mere  discharge  of  a 

Leydea  oombinatiim,  other  instruments  are 
necessary  for  the  purpose  of  bringing  the 
passiiig  eleotrifiity  into  operation*  Of  these 
instnuaentS)  the  one  most  generally  re- 
quired is  known  as  Henley's  unitersal  dis- 
charger, and  is  represented  by  the  annexed 
woodeut.  The  advantage  of  this  instru- 
ment will  appear  in  the  counse  of  e^eriments  about  to  be  described. 

Some  effttcto  of  AocumnlatoA  Sleotiloity^— Provided  the  body  through 
which  electricity  is  transmitted  be  a  eonductor  sufficiently  good,  and  sufficiently  large, 
the  passage  of  aocumulated  electricity  ezeroisea  no  perceptible  effect.  This  statement 
may  be  inferred  from  a  consideration  of  the  act  of  diachargiag  a  Leyden  jar  by  means  of 
the  instrument  just  described,  in  which  the  electric  force  traversed  tibe  entire  length 
of  the  brass  arms,  without  permanisntly  a£focting  them  in  the  slightest  degree.  If  those 
arms,  however,  had  been  sufioientiy  slender,  there  would  have  followed  a  different 
result.  The  metal  would  have  be^i  fused.  This  may  be  shown  in  the  follow- 
ing ejcperiments : — Employing  a  Leyden  battery  of  not  lesa  than  four  jar%  each 
having  a  oiqMclty  of  not  lesa  than  three  quarts,  prepare  a 
metallic  communication  of  the  foUowing  kind  :-«-To  one 
aim  of  the  discharger  attach  the  end  of  some  fine  steel 
wire,  such  aa  is  used  for  the  bahmce  springs  of  watches, 
bringing  the  other  end  of  the  wire  into  communication 
with  the  external  coating  of  the  battery.  This  csa  readily 
be  accomplished  by  twisting  the  wire  round  the  metallic 
ho<^  or  stem,  always  attached  to  the  ease  in  which 
the  jars  of  a  battery  are  contained,  and  which  is  ia 
immediate  communication  with  their  external  coatings.  Conditions  beiog  thus 
arranged,  charge  the  battery,  and  dischaiige  it  in  the  ordinary  manner.  The  conditions 
of  the  eiperiment  are  such  that  aU  the  accumulated  electricity  must  necessarily  pass 
through  the  small  steel  wire,  whose  sectional  area  being  very  circumscribed,  the 
electricity  meets  with  interruption  in  its  course,  and  combustion  of  the  wire  results. 

Inatead  of  the  wire  employed  ia  the  last  experiment,  a  slip  of  metallic  foil,  not  too 
thidc  or  too  wide,  may  be  attached  by  meana  of  paate  to  a  plate  of  glass  or  sheet  of 
writing  paper,  and  the  electric  influence  transmitted,  when  the  metal  will  be  inflamed, 
provided  the  electric  charge  have  been  sufficientiy  strong. 

In  conducting  this  experiment,  the  mechanical  disposition  of  parts  will  be  facili- 
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tated  by  using  the  imiyersal  discharger  already  described.  Kot  merely  in  these 
experiments  does  combustion  result^  but  the  electaricity,  whilst  making  its  circuit,  effects 
an  expansion  of  the  metallic  substance,  as  may  be  rendered  evident  by  the  foUowiag 
experiment : — ^Attack  as  before  a  thin  and  narrow  strip  of  metallic  foil  to  a  plate  of 
glass,  lay  xyyex  it  another  plate  of  glass,  and  screw  both  tightly  together  by  means  of 
a  little  wooden  press  intended  for  that  purpose*  If  the  two  glass  plates  be  now  laid 
on  the  table  of  the  uniyersal  discharger,  and  the  shock  of  a  sufficiently  powerful 
battery  transmitted,  not  only  will  the  fdl  undergo  combustion  as  before,  but  one  or 
both  l^e  glass  plates  will  be  fractured. 

The  fact  has  already  been  adverted  to,  that  if  the  sides'of  a  Leyden  jar  be  too  thin, 
they  are  liable  to  be  broken  by  the  force  of  ^ectrical  tension.  The  usual  effect,  indeed, 
of  electricity,  when  made  to  pass  through  imperfect  conductors,  is  to  shatter  or  per- 
forate. This  may  be  readily  demonstrated  by  employing  a  sheet  of  paper,  or  a  card, 
to  break  the  metallic  continuity  of  an  electric  circuit,  as  may  be  readily  effected  by 
adopting  the  contrivance  represented  underneath,  where  the  sheet  of  paper,  p,  is  seen  to 

be  interposed  between  the  ball  of  the  discharger  b, 
and  the  ball  r,  communicating  with  the  interior  lining 
of  the  battery.  Leaving  these  exemplifications  of 
consequences  resulting  from  the  electric  discharge 
through  bodies  not  endowed  with  any  marked  quail'- 
tied  of  combustibility,  we  may  now  investigate  the 
effects  produced  by  similar  discharges  on  bodies 
eminently  combustible ;  and  here  we  shall  find  that 
the  result  is  greatly  modified  by  the  cohesive  state  of 
the  bodies  acted  upon ;— for  instance,  it  wiU  be  seen  that  gases  are  more  readily  inflamed 
than  liquids,  liquids  more  readily  than  solids.  To  accompUsh  the  inflammation  of  a  gas 
by  electricity  a  battery  is  unnecessary — a  single  jar  is  not  even  required,  althbugh  in 
practical  laboratory  operations  a  smaU  jar  is  generally  used.  The  mere  passage  of  a 
simple  spark  from  the  prime  conductor  to  a  metallic  jet,  from  which  coal  gas  issued,  is 
generally  sufficient  to  produce  ignition.  The  finger  knuckle  may  be  made  to  yield 
the  spark,  provided  the  operator  be  insulated  on  a  glass-legged  stooL  The  mode  of 
operating  demonstrates  no  electrical  principle  which  has  not  already  been  discussed ; 
but  it  affords  a  very  striking  method  of  performing  the  experiment. 

An  inflammable  liquid — such  as  ether— may  also  be  generally  igidted  by  means  of  a 
spark  drawn  from  its  surface,  by  means  of  the  knuckle  or  a  metallic  knob.  This 
experiment  may  be  most  readily  conducted  by  placing  a  small  metallic  pan  on  the 
prime  conductor  of  the  machine,  filling  the  pan  with  ether,  charging  the  conduotor, 
and  drawing  from  the  surface  of  ether  a  spark.  The  ignition  of  inflammable  gases  in 
closed  vessels  is  an  operation  of  frequent  occurrence  in  chemical  practice,  and  is  most 
readily  accomplished  by  means  of  the  electric  spark.  The  engravings  on  the  following 
page  illustrate  the  general  disposition  of  apparatus  for  accompHshing  the  result. 

The  vessels  in  which  the  gases  to  be  exploded  are  eonflned,  consist  either  of  glass 
tubes  or  stout  glass  jars,  and  are  called  eudiometers.  Fig.  1  represents  the  kind  of 
eudiometer  most  commonly  employed  in  laboratory  practice ;  it  consists  of  a  stout 
glass  tube,  having  an  internal  diameter  of  about  half  an  inch,  and  a  length  of  six 
inches.  Towards  the  closed  end  of  this  tube  two  platinum  wires  are  insert^  at  right 
angles  to  the  axis  of  the  tube,  and  securely  fixed  in  their  place  by  fusing  the  sur- 
rounding glass.    The  open  end  of  the  tube  is  caused  to  dip  in  a  vessel  of  mercury;  by 
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which  contrivance  the  interior  of  the  tuhe  hecomes  a  cavity  closed  on  all  aspects.    The 
two  platinum  wires  which  perforate  the  tube  do  not  touch,  but  a  small  space    ^^ 
remaining  between  them ;    a  charge  of  electricity  can  only  pass  from  one  to 
the  other  in  the  form  of  a  spark,  by  the  agency  of  which  combustion  is 
effiicted. 

Fig.  2  represents  a  form  <rf  eudiometer  for  which  we  are  indebted  to  the 
ingenuity  of  Dr.  TJre.  The  former  instrument 
eitiier  requires  to  be  firmly  attached,  by  means 
*  of  screws,  to  the  mercurial  trough  whilst  the 
electric  charge  is  being  transmitted,  or  the  aid 
of  an  assistant  is  required.  The  employment  of  ^^'  ^' 
Dr.  Ure's  instrument  renders  these  provisions  imnecessary. 
The  operator  grasps  the  eudiometer  firmly  in  his  hand, 
closes  the  open  end  with  his  thumb,  and  draws  the 
spark  with  his  finger  knuckle.  The  bend  of  the  instru- 
ment contains  a  little  mercury,  which  not  only  prevents 
the  escape  of  gas,  but  deadens  the  shock  occasioned 
by  the  exploded  gas.  Between  the  thimib  and  the 
Vig-  S*  corresponding  surface  of  mercury  there  exists  a  column 

of  atmospheric  air,  which  acts  the  part  of  a  spring,  and  serves  to  deaden  the  shock. 

Fig.  3  represents  a  form  of  eudiometer  devised  by  the  celebrated  Cavendish.    It 
enables  the  explosion  of  considerable  volumes  of  gas  to  be 
effected,  and  is,  therefore,  well  adapted  to  the  purposes  of  lecture 
demonstration.    It  was  by  means  of  this  instrument  that  Caven« 
dish  demonstrated  synthetically  the  composition  of  water. 

From  examining  the  effects  of  strong  electric  discharges  on 
gases  and  liquids,  we  next  arrive  at  the  consideration  of  its  effects 
on  solids ;  and  of  these  we  shall  select  gui^wder  as  the  type  of 
all  the  rest  For  the  purposes  of  this  experiment,  place  a  little 
gunpowder  on  the  ivory  portion  of  the  table  of  the  imiversal 
discharger,  remove  the  brass  knobs  from  the  stem  of  the  instru* 
ment,  and  establish  a  broken  circuit,  as  represented  in  the 
diagram  below. 

By  the  term  broken  circuit  is  meant,  that  metallic  commu*  ' 
nication  stops  short  at  either  extremity  of  the  little  heap  of 
gunpowder,  which  is  itself  an  imperfect  electrical  conductor.     Let  a  strong  discharge 

be  now  transmitted,  when  the 
gunpowder  will  be  scattered  in 
various  directions,  but  most  pro- 
bably it  will  not  be  inflamed. 
By  slightly  modifying  the  con- 
ditions of  the  experiment,  how- 
ever, it  may  be  inflamed  readily ; 
and  the  modification  taken  in 
connexion  with  the  result  seems 
not  a  little  anomalous.  Instead  of  establishing  direct  metalUc  communication 
between  the  inside  of  the  battery  and  the  gunpowder,  let  a  portion  of  the  circuit 
consist  of  a  piece  of  wet  hempen  cord.     Most  probably  under  this  arrangement  the 
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gtmpowder  will  take  fire.  It  will  coiWnly  do  so  if  tke  Isngfih  of  Btiiagi^e  ddy  «ppor- 
tioned  to  the  strength  of  the  discharge ;  this  is  a  detail,  howerer,  whicdi  ezpezuoiee 
alone  can  regidate. 

The  residt  of  this  experimeot,  so  fleemmgfy  anomabos,  admits  oi'WBtj  satia&eteiy 
explanation.  The  inflammation  of  gunpowder  requires  a  certain  prolonged  aj^tiieation 
of  heat ;  and  this  time  is  not  afforded  hy  the  rapid  passage  of  electricity  us  supplied 
under  the  conditions  of  the  first  experiment,  Ifken,  heweyer,  the  moistened  string, 
which  is  a  bad  conducting  channel,  forms  peat  of  the  circuit,  then  the  electricity  is 
made  to  linger  in  its  passage,  and  ignition  of  tiie  gunpowder  results.  There  can  be 
very  little  doubt  that  iMs  is  the  true*  explanation  ef  the  phenomenon,  inasmuch  as  the 
result  is  accordant  with  many  analogies*  Thfos  it  is  Ojot  ^easy  to  ignite  gunpowder  by 
rapidly  passing  over  its  surface  a  jet  of  burning  coal  gas,  a  certain  i^preciablc  lingering 
of  the  fiame  being  necessary  to  insure  the  po(>atiye  result.  A  more  striking  illustration 
is,  howerer,  aSbrded  by  the  following  exp^iment : — On  a  sheet  of  writing-^aper  lay  a 
few  grains  of  fulminating  mercury  in  the  form  of  a  train ;  cross  this  train  with  another 
of  gunpowder,  and  ignite  ^le  first.  The  lame  passes  with  inconceiyable  rapidity  firom 
one  end  of  tiie  mercurial  train  to  ^e  oi&er,  the  gunpowder  being  necessarily  crossed 
by  the  line  of  !fire ;  ncTerth^ess  the  gunpowder  itself  dbes  not  inflame*  Another  fllus- 
tration  of  the  same  fact  is  this : — ^If  a  percussion-cap,  the  charge  of  which  is  fulminating 
mercury,  be  placed  on  tiie  mpple  of  a  Tery  short-barrdled  pist^,  a  charge  of  powder 
thrown  into  the  barrel,  but  no  wadding,  and  the  cap  exploded,  the  gunpowder  usually 
does  not  inflame.  If  wadding  be  rammed  down  on  tiie  powder,  or  if  the  barrel  be 
prolonged,  then  the  gunpowder  is  inflamed,  because  the  blast  of  the  percussion-cap 
is  made  to  linger  amongst  ih»  particles  of  gunpowder— in  the  one  case,  by  reason 
of  the  superimposed  wadding ;  in  the  other,,  by  reason  of  the  pressure  of  a  colunm  of 
atmospheric  air. 

Atmospheric  EleetxlcitT^Theoxy  of  Iiiglit&lng-tods.— It  is  almost  un- 
necessary to  state  that  Hie  nature  of  thunder  and  ligfatmsg  was  totally  unknown  until 
the  celebrated  Benjamin  Franklin  identified  them  with  el«ctridty,  thunder  being  the 
explosion,  the  Hghtning  the  spaik.  H^ice  these  grand  natural  electric  manifestations 
are  identical,  in  aU  but  difierence  of  degree,  witii  ihe  report  ^isA  the  spark  attendant 
on  the  discharge  of  a  Leyden  battery.  It  is  also  unneeessary  to  state  that 
Franklin  made  this  grand  discovery  by  means  of  a  kite,  along  the  string  of  which 
the  electric  influence  passed,  and  from  l3te  end  of  which  he  succeeded  in  drawing 
a  spark. 

The  moment  this  diseorery  became  known,  an  obyioos  means  suggested  its^  of 
protecting  buildings  firom  the  effects  of  lightning,  by  eleyating,  in  contact  with  them,  a 
metallic  rod  of  sufficient  dimensions  to  carry  off  the  greatest  charge  of  electricity  that 
can  occur  at  one  time  in  a  determinate  area. 

Great  discussion  originally  took  place  amongst  electricians  as  to  the  proper  shape  to 
be  given  to  the  extremity  of  these  lightning  conductors.  One  party  advocated  spheri- 
cal terminations, ».  e.  knobs  or  balls ;  another,  p<nttted  extremities.  There  remains  no 
doubt  on  this  matter  now.  Points  are  universally  accepted  as  being  the  preferable  form, 
and  the  reason  why  they  are  preferable  wiU  readily  appear  from  expianattons  which  have 
been  given  before :  an  observance  of  the  relative  effects  of  points  and  knobs  applied  near 
to  the  charged  prime  conductor  of  the  electrical  machine  at  once  settles  the  controversy. 
A  more  satisfactory  way  of  demonstrating  the  rdative  influence  of  pomts  and  knobs, 
however,  is  supplied  by  the  following  experiment :— To  the  prime  conductor  of  an 
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dedrioal  mach^Q  attaoh  ike  iostnunent  repnsented  in  the  following  diagram,  ooneUt- 

kq^  of  &  foAed  ooDduotor,  each  prong  of  whkh  ends  Ito  a  ball ;  but  the  balls  are  of 

iiffezent  dimenaiona.     Now  it  is  evident 

that  in  poroportxoB  as  a  ballia  disumahed 

in  sine,  so  does  it  approach  the  natan  of 

a  point;  founded  on  as  vppnMkm  of 

which  oircumstanoe  is  the  ei^perinieiit 

spoilt  to  be  deaciibed.     If  the  opeaator 

duurge  the  prime  oondactory  of  which  tibe 

forked  wppantus  is  assamed  to  be,  for  the  ihna,  a  part,  and  if  he  cause 

a  knobbed  oondudior  to  appioadi  the  foifsed  extremities,  at  yarious 

relotiTe  distances  &om  eadi  other,  he  will  inyaiiably  find  that  the 

eleotrio  discharge  manifests  the  greatest  tendency  to  escape  from  the 

small  ball ;  as  may  be  judged  of  fimn  the  length  of  the  spark  which 

it  gives  aS.    In  this  way  the  moveable  ball  may  be  brought  very  nearly 

into  contact  with  €he  large  ball ;  still  the  electric  discharge  wiU  take 

place  from  the  small  one.    If  desired,  the  mechanical  conditions  of  the 

previous  arrangement  may  be  reversed,  the  forked  conductor  being  held 

in  the  hand,  the  single  baU  conductor  fixdd ;  still  the  result  will  always  agree  in 

tfais-^the  electric  discharge  invariably  manifests  a  relation  of  preference  for  the  small 

bfllL 

Ab  regards  the  material  of  which  lightning  conductors  should  be  constructed, 
this  will  necessarily  be  dfitermioed  by  a  consideration  of  the  relative  conducting 
power  of  different  bodies.  Metals  are  pre-eminent  ab  electric  conductors ;  therefozse 
a  lightning-rod  should  be  of  metal,  and  amongst  metals  copper  is  the  most  eligible* 
In  England,  flat  bars  of  copper  are  used;  but,  aceording  to  Mr.  Faraday,  a  philosopher 
whose  profound  electrical  investigations  entitle  his  opoaions  to  the  grettbest  confidence^ 
their  usual  dimensions  are  not  sufficteat,  aocidants  having  frequentiy  oecimed  to 
buildings  protected  with  rods  of  this  kind. 

A  point  of  fundamental  importance  in  the  erection  of  HglAauig-irods  is  this :— They 
should  at  their  inferior  extremity  be  bron^  into  direct  metaUic  «ommiiwation  with 
the  earth,  by  which  is  meant  not  merely  the  aupeificial  soil,  which  may  be  ^  mch  a 
kind  as  to  become,  when  parched  and  dried  by  oontimifid  heat,  a  conductor  of  deotricity 
BO  imperfect  that  Ihey  may  be  altogether  unable  to  carry  away  the  eleclzicity  acoumn- 
lated  in  the  copper  bar.  By  the  term  earth,  is  meant  the  whole  mass  of  the  globe  in 
an  electrical  sense.  If  a  mass  of  water  be  near,  it  is  a  good  plan  to  extend  the  lower 
extremity  of  the  lightning-rod  into  it  If  the  building  to  be  protected  be  in  a  town,  no 
better  termination  to  the  lower  eztreonity  at  a  1ightning«jod  can  be  given  than  the 
general  system  of  gas  or  water-pipes,  with  which  it  ebould  be  brought  into  direct  com- 
munication. 

Another  precept  to  be  remembered  in  the  arootion  of  m  ]ightnfng<*rod  is  Chis  :^It 
should  be  brought  into  metallic  commanieation  with  «very  considerable  piece  of  metal 
work  in  the  edifice  which  it  is  designed  to  pcoteety  othflBrwise  tiie  irod  is  »  source  of 
danger  instead  of  an  .Slgis  of  safety. 

The  necessity  for  establishing  this  metaliio  comnunicalicii,  atises  from  w^hat 
electricians  call  the  lateral  discharge,  and  whidi  may  be  thus  iUastntsd :— Let  A  repre- 
sent a  Leyden  jar,  B  a  copper  wire  on  which  it  stands,  and  which  is  therefore  in  oom- 
nxunicatica  With  its  external  oooting.     The  copper  wire  may  be  indefinitely  extended, 
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which  extension  the  diagram  is  inadequate  to  illustrate.  If  the  jar  be  now  charged 
and  discharged,  the  tendency  of  its  [electricity  is  to  permeate  the  best  electric  con- 
ductor, which  in  this  case  is  the  wire;  but 
even  the  best  conducting  body  affords  some 
resistance  to  the  i>assage  of  electricity,  so  that 
it  is  possible  for  two  parts  of  the  wire  circuit 
to  be  brought  in  sufficient  proximity  to  each 
other  so  that  the  electricity  rather  passes  in 
the  form  of  sparks  through  the  intervening  layer 
of  the  non-conductor  than  along  the  lengthened 
circuit  of  the  conducting  material.  The  condi- 
tions of  arrangement  in  the  preceding  diagram 
are  such  that  the  electric  spark  would  pass  at 
the  point  marked  C.  It  is  eaay  to  aj^ly  the 
demonstration  here  involved  to  the  actual  case 
of  a  building  to  which  a  lightning-conductor 
has  been  applied. 

Let  A  be  a  lightning-conductor  penetrating 
the  ground  superficially ;  B  a  metallic  water- 
pipe,  having  good  metallic  communication  with 
the  earth ;  and  let  a  powerful  shock  of  elec- 
tricity strike  on  A  from  a  thunder-cloud  above. 
Under  these  conditions  probably  the  elettricity 
would  force  its  way  along  and  between  the  masonry 
of  the  house,  between  A  and  B,  as  represented  by  «, 
thus  shattering  the  wall.    In  this  case  the  lightning- 
rod  has  been  the  cause  of  the  destruction  of  the  wall. 
Had  the  rod  not  existed,  probably  the  charge  of  the 
thunder^Kjloud  might  have  avoided  the  building  alto- 
gether, or,  if  it  had  struck  the  building,  its  discharge 
would  have  been  determined  by,  and  would  have 
passed  along,  the  most  prominent  metallic  mass  on 
the  external  part  of  the  building,  and  which,  under 
the  conditions  assumed,  would  have  been  the  water- 
pipe. 

It  was  customary  formerly  to  insulate  lightning- 
conductors,  studiously  avoiding  all  electric  contact 
with  the  building,  from  which  they  were  carefully 
separated  by  the  interposition  of  non-conductors. 
This  plan  is  not  merely  useless— it  is  injurious,  dan- 
gerous; being  directly  oppbsed  to  the  conditions  neces- 
sary to  be  adopted  for  avoiding  lateral  discharge. 

An  important  question  for  determination,  relative 
to  the  practical  application  of  lightning-conductors, 
is  the  following :   What  is  the  area  of  protection 

which  a  conductor  of  given  dimensions  is  able  to  <ts      ,____. 

confer  ?  ' "" 

Towards  the  latter  part  of  the  past  century,  this  question  was  investigated  by  the 
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French  philosophers.  They  considered  themselTes  justified  in  arriving  at  the  conclu- 
sion that  a  lightning-rod  might  be  considered  protective  to  an  area  equal  to  twice  the 
length  of  the  lightning-rod^  considered  as  radius.  The  deduction,  however,  is  unsound, 
inasmuch  as  the  result  varies  according  to  conditions ;  the  protection  being  more  or 
less  complete  according  to  the  elevation  of  the  rod,  its  size,  its  conducting  power,  the 
absence  of  other  towering  objects  in  its  vicinity,  and  some  other  circumstances; 

To  demonstrate  how  small  an  area  may  be  protected  by  a  lightning-rod,  by  reference 
to  what  has  occurred,  the  following  example  may  be  cited : — The  miainmast  of  H.M.S. 
'*  Endymion"  was  protected,  the  foremast  not,  and  a  flash  of  lightning  striking  the  latter, 
shivered  it  to  atoms ;  yet  the  distance  between  the  two  masts  was  scarcely  fifty  feet* 

Hence  large  buildings  will  require  a  number  of  protectors  proportionate  to  their 
extent,  and  an  isolated  column  will  be  amply  protected  by  one.  It  follows,  moreover, 
that  a  column  need  not  have  an  unsightly  point  elevated  above  its  capital,  or  extreme 
te!rmination ;  if  the  point  be  equal  in  height  to  that  of  the  extreme  capital,  electrical 
conditions  of  safety  will  be  fully  satisfied. 

Applying  these  remarks  to  the  column  represented  by  the  accompanying  diagram, 
the  electrical  conditions  of  safety  may  be  readily  traced 
out.  Let  A  represent  a  lump  of  metal,  0  an  intervening 
piece  of  masonry,  and  B  a  metal  railing  in  direct  electric 
communication  with  the  ground  by  a  specific  rod,  or 
some  casual  means,  such  as  the  iron  stair-rail  within. 
Provided  free  dispersive  power  were  given  to  the  lower 
end  of  the  iron  stair- rail,  or  other  conductor,  every  por- 
tion of  the  column  would  be  lightning-proof  except  the 
intervening  masonry  C,  which  being  an  imperfect  con- 
ductor, would  remain  in  extreme  danger.  Assuming  A 
to  be  struck  by  an  electric  flash,  the  charge  would  rush 
across  the  masonry  0,  shattering  it  more  or  less ;  but 
the  charge  once  arrived  at  B,  would  rush  silently,  harm- 
lessly away.  In  order  to  insure  safety,  therefore,  to 
ev^y  part  of  such  column,  it  would  have  sufficed  to 
inteipose  metallic  connection  between  A  and  B.  Not 
the  slightest  advantage  would  accrue  from  elevating  an 
unsightly  spike  above  A. 

These  conditions  have  been  remarkably  violated  in 
the  Duke  of  York's  Column,  St.  James's  Park,  where  a 
spike  is  made  to  project  aloft  from  the  head  of  his 
Royal  Highness.  The  statue  looks  as  if  it  were 
transfixed;  thus  violating  the  dictates  of  science, 
abusing  art,  and  suggesting  ideas  of  an  impaled  malefactor. 

Maiine  Lightning  Condnctoni.— It  wiU  be  readily  seen  that  a  permanently 
elongated  rod  of  metal  is  inapplicable  to  the  protection  of  ships,  in  which  the  necessity 
for  elevating  and  lowering  the  masts  would  be  incompatible  with  this  arrangement 
A  metallic  chain  affords  a  mote  practicable  substitute ;  although,  regarded  merely  in 
relation  to  powOT  of  conducting  electricity,  a  catenary  relation  of  parts  is  much  less 
efficient  than  a  continuous  unbroken  arrangement,  such  as  is  afforded  by  a  metallic 
rod;  moreover,  chains,  although  not  altogether  incompatible  with  the  mechanical 
•  Harris,  *«  On  the  Nature  of  Thunderstorms." 


Digiti 


zed  by  Google 


MAfiIKE  UOHTNING  CONDUCTOBS. 


oirangemfiDts  to  which  ships  are  limited,  are  exceedingly  inconyenieut.  Never- 
theless, anterior  to  the  adoption  of  the  permanent  marine  Ughtning-oonduetor  of  Sir 
W.  Snow  Harris,  chains  were  used,  not  permanently  attached  to  the  masts,  or  holding 
any  permanent  relation  to  the  rigging,  but  derated  at  the  seasoai  of  supposed  danger. 
The  objections  to  conductors  of  this  Idnd  will  readily  be  anticipated.  Not  only  were 
they  ini^plicable  to  many  cases  of  sudden  thunder-etonns,  but  their  erection  was 
always  a  work  of  extreme  danger,  as  the  numerous  accidents,  of  which  they  haye 
been  the  direct  cause,  will  abundantly  testify.  Added  to  this,  the  fundamental  ol^ec- 
tion  to  the  catenary  arrangement,  and  it  may  be  doubted  whether,  yiewed  impartially 
under  all  aspects,  chain  lightning-conduetors  haye  not  occasioned  more  accidents  Uian 
they  eyer  preyented. 

Sir  William  Snow  Harris  has  imparted  to  marine  conductors  all  the  advantages  of 
those  on  land  by  the  simple  expedient  of  inlaying  a  slip  of  copper  along  the  whole 
length  of  each  mast ;  and  the  copper  slips  of  each  mast  are  so  arranged,  that,  under  all 
amounts  of  elevation  or  depression  to  which  the  masts  are  subject,  the  metallic  contact 
between  tiie  adjacent  copper  slips  is  invariably  preserved. 

These  permanent  marine  conductors  were  at  first  strongly  objected  to.    They  were 
—  assumed  to  attract  electricity  needlessly,  when, 

perhaps,  had  they  not  been  in  existence,  light- 
ning would  not  have  struck.  Moreover,  the 
plan  adopted  by  SirW.  S.  Harris  inestabUshp 
ing  connection  between  the  lower  part  of  his 
marine  conductors  and  the  sea  involved  a 
direct  passage  of  the  copper  plate  through 
the  ship,  and  not  over  the  sides,  as  heretofore. 
This  plan  was  objected  to  as  dangerous  by 
persons  who  were  not  fjunUiar  with  electrical 
^  lawsw  No  danger,  however,  can  arise,  pro- 
vided the  conductor  present  a  sufficient 
metallic  thoroug^are  to  the  electricity; 
otherwise  it  is  true,  under  favourable  con- 
ditions, a  transverse  discharge  might  occur. 

As  regards  the  supposed  attraction  of 
lightning,  said  to  be  caused  by  conductors, 
this  is  not  strictly  true ;  the  lightning  is 
not  attracted,  but  simply  offered  a  road, 
wherein  it  may  escape. 

The  following  relation  of  a  lightning 

stroke  which  fell  on  H.M.S.  *<  Conway,"  so 

strikingly  illustrates   tlus  proposition,  and 

bears  such  general  evidence  to  the  value  of 

permanent  marine  lightning-conductors,  that 

I  quote  it  from  the  original  treatise  of  Sir 

W.  S.  Harris :— ♦ 

«The  ship  was  moored  in  the  harbour  of  Port  Louis,  in  the  Isle  of  France.    The 

topgi^iant  masts  being  on  deck,  for  the  refit  of  the  rigging,  a  small  boom  (not  having 

any  conductor  on  it)  was  set  up  at  the  main-topmast  head  as  a  temporary  flag-otafi^  as 

•  "  On  Proteotioii  of  Ships  firom  Lightning."   London.   1S47. 
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Bhown  in  the  preceding  eat  Under  these  circumstanoes,  the  thip  was  stmck  by  Ught- 
ning  at  llh.  45m.  a.h.  of  the  tnoning  of  the  9th  of  March,  1846.  The  lesnltB  were, 
that  the  flag-staff  without  the  conductor  was  shattered  in  a  thousand  pieces^  hut  only 
so  far  as  the  point  N  at  the  head  of  the  topmast.  At  this  point  the  destructive  action 
was  arrested ;  but  here  also  commenced  the  Une  of  electrical  conduction,  N  «  a,  by 
which  the  whole  charge  was  oairied  clear  off  into  the  sea,  corering  the  way^  on  its 
exit  from  the  side  of  the  ship  with  a  blase  of  briUiaat  lig^t  Nothing  could  be  moM 
perfect  than  the  proteotiTe  action  of  the  metallic  conductors. 

**It  is  important  to  remark,  as  a  eonfiimation  oi  the  result  ghren  in  the  case  of  the 
*  Fisgard'  (similar  in  all  general  particulars  to  the  result  now  under  consideration), 
and  other  cases,  that  the  gunner,  at  the  time  of  the  diaoharge,  was  sitting  in  his  cabin, 
immediately  under  the  beam  along  which  one  of  Ae  main  branches  of  the  eonductor 
passed.  He  describes  the  efkot  as  being  that  of  a  pistol  fired  at  him  close  to  his  head, 
which  so  startled  him  that  he  fell  back  on  the  arm-chest.  The  scuttle  being  open,  he 
obserred,  at  the  same  instant,  a  brilliant  blase  of  Hght  burst  from  the  skip's  side  upon 
the  water ;  but  experienced  no  sort  of  inconvenience  whatever,  it  is  important  to 
notice  this  fact,  as  it  completely  disproves  the  assumption  that  efficient  lightning- 
conductors  frequently  produce  lateral  discharges  upon  bodies  in  their  vicinity,  and 
that  persons  near  such  conductors  are  in  danger  of  being  destroyed."* 

Telocity  of  Elaotilcity.— tJntil  the  year  1838  tiie  rate  of  velocity  with  which 
dectridty  traverses  conducting  bodies  was  unknown,  although  many  philosophers  had 
applied  themselves  to  the  task  of  investigating  this  point,  and  the  electric  cunent  was 
timed  in  its  passage  through  several  miles  of  copper  wire.  The  time  of  entrance  and 
emission,  however,  as  marked  by  Ihe  accompanying  spazk,  always  seemed  equaL  Ev^i- 
tually  the  idea  of  attempting  to  discover  this  rate  of  velocity  became  generally  aban- 
doned, for  what  hope  was  there  of  esitimating  the  velocity  of  such  an  agent,  seeing 
that  the  eflM»  of  philosophers  must,  after  all,  be  restricted  to  tiie  limit  of  an  exten- 
sion of  wire  f  It  is  otherwise  in  estimating  the  velocity  of  light ;  here  wo  haw  the 
diameter  of  the  earth's  orbit  as  our  measure,  and  we  trace  Hm  subtle  elemoat  through 
space  from  other  worlds  to  our  own.  But  all  investigatio&s  as  to  the  velocity  of  elec- 
tricity are  necessarily  drcumscribed  by  the  narrow  limits  of  our  own  planet ;  hence 
the  solution  of  the  problem  seemed  hopeless.  Professor  Wheatstone,  however,  having 
applied  his  mind  to  the  subject,  the  velocity  of  electricity  was  determined  in  a  maimer 
no  less  simple  than  beautiful.  He  reasoned  thus : — If  electricity  takes  time  to  travel,  a 
charge  transmitted  through  a  circuit  broken  in  two  points  cannot  appear  at  both  points 
at  ODce.  Such  a  conclusion  necessarily  follows  from  the  premises ;  theie  is  no  alterna- 
tive. If  no  distinetion  of  time  has  been  recognised,  this  circumstance  may  be  attri- 
butable to  imperfection  of  the  means  at  our  disposal  fbr  testing  the  faict  Professor 
Wheatstone,  therefbre,  applied  himself  to  the  discovery  of  more  delicato  means  of  in- 
vestigation than  ^dlosophers  had  hitherto  employed,  and  ultimately  he  adopted  the 
following  happy  expedient  :-~Several  miles  of  insulated  copper  wire  being  wound 
round  a  disc  of  wood,  the  coils  were  so  arranged  that  certain  interrupted  portions  oi 
them  corces^nded  with  one  straight  line.    Now  each  inteirupted  portion  would 


*  The  readar  who  U  desirous  of  fiirtker  studying  the  theory  and  praotioe  of  marine  lightning, 
eondnctors  may  consult  the  following  anfhorities :— "  Obeerrations  on  the  Effects  of  Lightning  on 
Floating  Bodies."  4to.  London.  1828.  Harris.  **  Bemarkable  Instances  of  the  Protection  of  cer- 
tain Ships  of  Her  Majesty's  Kavy  from  the  deetmotiTe  elllMts  of  Lightning.**  tro.  LDndon.  IMf. 
Harris. 
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saiily  correspond  with  an  electrio  spark,  on  passing  the  discharge  along  the  wire ;  and 
'  supposing  electricity  to  occupy  time  in  trayelling,  these  sparks  must  occur  sucoessiyely. 
Hence  the  proposition  resolved  itself  into  a  diEM^overy  of  some  means  of  estimating  the 
succession.  Mere  chronometric  ohseryation  would  haye  been  totally  inadequate  to  this 
end,  as  previous  experiments  had  demonstrated— some  other  plan  was  required. 

Now,  instead  of  viewing  the  sparks  directly,  they  may  also  be  viewed  as  reflected 
by  a  mirror.  If  reflected  by  a  mirror  at  rest,  no  point  would  have  been  gained;  but 
provided  electricity  occupied  time  in  travelling,  some  evidence  of  this  might  be  antici- 
pated d  priorif  by  viewing  the  sparks  as  reflected  by  a  mirror  in  rapid  rotation,  for 
whilst  the  electricity  had  been  occupied  in  travelling  between  successive  portions  of  the 
wire,  the  mirror  would  have  been  performing  its  rovolutions ;  and  having  reflected  one 
spark  at  a  determinate  angle  on  a  certain  part  of  the  screen,  it  would  have  reflected  the 
second  spark  at  another  angle  on  another  part  of  the  screen,  not  in  the  same  line  with 
the  first  point.  Therefore,  supposing  the  result  to  be  as  hero  assiuned,  and  which  is 
actually  the  case,  the  elements  for  calculating  the  velocity  of  electricity  under  the  con- 
ditions of  the  experiment  are  supplied ;  the  data  of  subsequent  calculation  being  the 
length  of  wire  between  spark  and  spark,  and  the  velocity  of  the  revolving  mirror. 
Professor  Wheatstone  found  that  the  reflected  sparks  were  no  longer  in  the  same  line, 
but  supposing  them  originally  to  have  constituted  a  vertical  arrangement  •,  their 
reflected  images  assumed  the  form  of  a  letter  V  ( *  •)• 

This  beautiful  result  demonstrated  two  points.  Firstly,  it  demonstrated  that 
electricity  does  not  pass  instantaneously  through  copper- wire ;  secondly,  it  demon- 
strated tiiat  electricity— whatever  may  be  its  re^  nature— proceeds  from  the  two 
extremities  of  a  conductor  towards  the  centre  of  its  length :  otherwise  the  reflections 
would  not  have  assumed  the  form  of  a  Y,  but  would  have  appeared  in  a  diagonal 
line  \. 

The  data  of  this  experiment  enable  us  to  arrive  at  the  conclusion  that  electricity 
either  travels  through  copper-wire,  of  the  diameter  used,  at  the  rate  of  about  300,000 
miles  per  second ;  or  double  that  rate,  according  as  we  adopt  the  theory  of  one  or  two 
electric  fluids.  At  the  lowest  estimate,  then,  it  cannot  travel  at  a  slower  rate  than 
300,000  imles  per  second,  whilst  light  travels  at  the  rate  of  less  than  200,000  miles  in 
the  same  time. 

Eleotiioal  Theoiies. — ^In  discussing  the  phenomena  of  a  power  so  subtle  as  that 
of  electricity,  it  is  impossible  to  avoid  fialling  into  the  language  of  theory,  even  though 
the  theory  itself  be  not  accepted  as  true.  Throughout  the  foregoing  pages  it  has  been 
endeavotired  to  avoid  the  adoption  of  theory  as  much  as  possible.  Accordingly,  the 
duality  of  electric  foroe,  which  is  its  most  fundamental  quality,  has  generally  been 
indicated  by  two  letters,  A  and  B.  Occasionally  the  terms  vitreous  and  resinous  have 
been  employed,  also  the  terms  positive  and  negative ;  but  always  under  the  assurance 
of  their  conventional  use  merely,  and  without  assuming  their  employment  to  involve 
any  theory.  It  will  be  necessary,  however,  in  the  chapter  on  galvanism  or  voltaic 
electricity  to  use  the  language  of  theory  more  generally  than  heretofore;  without  its 
adoption  as  a  gross  method  of  communicating  ideas  it  would  be  exceedingly  difficult, 
if  not  impossible,  to  expound  important  phenomena. 

Any  one  who  has  studied  the  phenomena  of  electricity  with  moderate  attention, 
cannot  have  failed  to  associate  with  this  agent  the  idea  of  9.  fluid  physical  entity — of 
something  that  admits  of  being  collected  together  like  water  in  a  pond,  and  of  flowing 
on,  when  set  free,  like  water  in  a  river.  Hence,  the  term  electric  fluid  was,  very  early  in 
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the  history  of  the  science,  adopted,  and  W9a  long  aooepied  as  the  representatiye  of  a 
real  physical  entity. 

But  the  assumption  of  one  fluid,  except  under  certain  stipulations,  is  incompatible 
irith  actual  phenomena.  We  have  seen  electricity  to  be  a  dual  foroe ;  tiiat  one  kind 
of  electric  influence  cannot  exist  without  a  proportionate  amount  of  the  other  being  also 
brought  into  operation.  This  duality  is  a  fundamental  quality  of  electricity,  also  of 
magnetism,  and  is  the  grand  distinction  between  them  and  the  force  of  grayiiation. 
Two  theories  of  the  electric  fluid  haye  been  adopted, — one  by  Franklin,  the  other  by 
Du  Fay«  The  latter  philosopher  accounted  for  the  dual  manifestations  of  electricity, 
by  referring  them  (o  the  operation  of  two  actually  distinct  electric  fluids— the  yitreous 
and  the  resinous. 

Franklin,  on  the  other  hand,  accounted  for  the  phenomena  on  the  assumption  of 
one  fluid  alone ;  and  as  this  fluid  was  present  in  excess  or  the  reyerse,  so  he  ima- 
gined would  be  the  electric  result.  So  long  as  a  body  held  its  normal  amount  of 
electricity  it  might  be  compared  to  a  hollow  air-yessel  in  whieh  the  aerial  charge  was 
neither  nicreased  by  compression,  nor  diminished  by  exhaustion ;— whereas  the  A  point 
of  eleetric  duality,  according  to  Franklin,  may  be  assimilated  to  the  same  air-yessel  into 
which  an  additional  charge  of  air  had  been  condensed ;  and  the  B  point  of  electric 
•duality  to  the  yessel  when  partially  depriyed  of  its  air  by  exhaustion.  Accordingly, 
the  theory  of  Franklin  naturally  introduced  the  terms  pontwe  and  negaUoe  as  syno- 
nymes  of  the  vitreous  and  resinous  dectricities  of  Du  Fay. 

It  would  be  futile  at  this  time  to  discuss  the  relatiye  merits  of  these  theories. 
•Suffice  it  to  say  that  the  one  fluid  theory  is  incompetent  to  explain  yarious  electrical 
phenomena ;  it  is  incompatible,  for  instance,  with  the  result  of  testing  the  interior  of 
an  electrified  cylinder  by  means  of  a  carrier-balL 

The  two-fluid  theory  more  nearly  accords  with  the  facts  of  electricity  as  eyidenced ; 
but  the  opinion  seems  gaining  ground  that  electricity  is  not  so  much  an  entity 
within  matter,  as  a  condition  of  matter,  and  that  its  effects  are  most  probably  refer- 
able to  an  assumption  and  subsequent  res<dution  of  polarities.* 

The  adoption  of  this  yiew  yery  materially  explains  the  existence  oi  a  seeming 
current,  as  a  simple  experiment  will  testify.    Let  a  series  of  cards  be  arranged,  mb  indi- 
cated intiie  accompanying  ^^^^^        ^^       ^^        ^  .X 
diagram,    under    which        ^^  \    ^  \  ^    \   ^  \     m,  \     W\\ 
arrangement  they  maybe      Mk      >M\  yW\  }^\  }  ^\  /  X\  ) 
fmd  to  he  polarized  m  re-    ^   V^^    VV^     ^^     VA      V  A      ^ 
lation  to  themselyes.    If  the  first  pair  in  the  series  be  thrown  down,  all  the  others 
must  necessarily  follow;  and,  this  occurring  successiyely,  would  giye  rise  to  the  idea 
of  a  current 

Without  adopting  any  theory  of  the  electric  fluid—without  eyen  taking  for  granted 
the  existence  of  such  fluid  or  fluids — it  will  be  generally  conyenient  to  adopt  in  the 
section  j)n  galyanism  the  language  of  Franklin— to  consider  electricity  as  one  fluid 
entity,  and  thus  to  trace  the  flow  of  an  imaginary  current  in  one  direction  only.  It 
would  be  improper  to  close  this  branch  of  our  subject  without  stating  that  the  repudia- 
tion of  the  existence  of  a  special  electric  fluid  or  fluids  is  warmly  adyocated  by  seyeral 
philosophers,  especially  by  Mr.  Oroye,  a  philosopher  whose  inyestigations  on  the  subject 

*  For  some  Uglily  philosophic  speculations  on  electridtj  considered  as  a  force,  the  reader  may 
eotttalt  <*  Grove  on  the  Correlation  of  Physical  Forces." 
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of  eleetricit7  and  its  aUiBiieee  aie  bo  well  known.  It  wovld  be  ineoMpatible  with  ^» 
limits  of  this  treatise  to  reproduce  this  gentleman's  arguments ;  but  they  will  be  found 
in  his  ^GanelBtio&  of  l^hynbal  Tome»,'* 

Chilwftiiic  «r  ▼olUI«  Bl«otitleiljr.-*Afthoiigh  the  souoes  of  eleetrieil^  in 
nature  ore  numerous,  the  physioal  experimenter  commonly  aivnls  himself  of  two— 
frieHmi  and  eolfiitb  or  pahaiue  etmHmttum.  Xke  origin  and  history  of  the  latter 
•re  as  foUows :— £a  the  year  17>(>,  CMvani,  a  professor  of  anatomy  at  Bobgna^ 
whilst  engaged  in  the  diaseetLon  of  a  fit)g,  ^bserred  the  animal's  legs  to  be  spasmedioa^ 
aflfeeted  when  their  erund  nerves  were  touched  in  a  peculiar  manner.  Subsequently 
he  ftnmd  that  tke  result  eould  be  rendered  still  moreBianxfesI  by  employing  two  metals 
instead  of  one  (the  knife-blade)  for  establishing  contact.  He  found  that  zinc  and  ahnr 
were  espeefally  adapted  tot  producing  these  eontraotionSy  one  metal  being  brought  into 
contact  with  tile  crural  nerve  of  the  frog's  thigh,  the  other  with  its  muscular  tissue. 
Speculating  on  this  curious  phenomenon^  Gralyani  referred  it  to  dedricity— a  suppositioa 
long  since  prored  to  be  correct  He  imagined  the  source  of  this  electeicity  to  be  the 
animal  itself,  and  that  the  metals  were  only  efficacious  in  affording  a  conduetiiig 
channel  to  this  electricity.  A  Airther  expositLoa  of  ti&e  theory  of  Galyani  belongs 
rathor  to  physiology  than  to  physico-chemistvy;  but  an  outliiM  of  it  is  as  foBows :-« 
He  assumed  the  Ivain  to  be  a  souroe  of  electric  influence,  which  was  distributed  to  aU 
parts  ci  the  body,  more  especially  t6  tibio  muscles,  the  ultimate  febrils  of  wfaioh  he 
assumed  to  be  hollow,  and,  like  the  electric  jar,  ci^aUe  of  receiving  a  charge  by  reason 
of  its  two  opposed  surfiKes.  The  nerves  Galvani  bdieved  to  have  the  function  of  elec- 
trical diBohargers— that  they  effected  an  eleetric  commnnication  during  lifd  between  the 
int^nal  and  the  external  sur&ce  of  muscular  febils,  and  thus  produced  the  electric 
discharge.  Finally,  he  believed  that  a  metal  might  be  caused  to  assume  the  funotion  of 
a  nerve— namely,  to  effect  eommuaioation  between  tiie  electrically  opposed  surfitoes  of 
the  musoukr  febrils. 

Any  theory  which  does  net  embrMC  all  the  known  phenomena  of  the  subject  to 
which  it  refers  must  be  evidently  uasoimd,  and  the  theory  of  Ckdvani  is  opsn  to  this 
remark.  Judged  even  by  the  evidence  known  to  dalvaai,  the  theory  was  incomplete. 
It  failed  to  attadi  importance  to  the  increased  musediar  effect  resulting  from  the  con^ 
tact  of  two  metals.  Horeover,  it  was  based  on  a  petitio  prineipiu  The  brain  had 
neither  been  proved  to  be  a  source  of  dectridty,  neither  had  it  been  demenstEated  that 
the  muscular  febrik  were  hollow— nor  that  one  portion  of  a  muscle  was  a  nos-eonduotor, 
other  portions  being  conductors ;  finally,  it  had  not  been  demonstrated  that  nervous 
matter  was  pre-eminently  endowed  with  the  q[uality  of  electric  conduction.  The 
extraordinary  nature  of  Galvani'e  experisaients  brought  several  inveatigatQrs  into  the 
field,  and  amongst  them  sereral  opponents.  Some  of  these  denied  that  the  results 
were  in  any  way  referable  to  electricity;  others,  admitting  their  electrical  origin, 
referred  the  deetricity  to  other  sources  tiian  that  indicated  by  Yolta.  Amongst  the 
fenner  wasFabroni,  who  attributed  the  animal  contraetionB  totiie  effects  of  heat  deve- 
loped by  oxidation  of  the  metals  employed.  Amongst  tiie  latter  was  the  celebrated 
Yolta,  who  attributed  tiie  electricity  to  metallic  contact ;  and  if  he  did  not  strengthen 
his  own  theory,  he  at  least  annSbilated  those  of  Oalvaniandof  Fabroni,  by  d«non- 
stratingthat  the  electrical  influence  might  be  inezeased  proportionately  with  aa  increased 
number  of  metallic  reduplications.  He  took  discs  of  silver  and  zinc,  or  copper  and 
zinc,  arranged  them  vertically  in  pairs,  with  moistened  discs  of  flannel  between  each 
pair.    The  apparatus  thus  generated,  manifested  powerful  electrical  effects,  and,  in 
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hatour  of  lis  disoorer,  beoame  kaowa  as  the  Toltaic  pile.  AUhougli  the /Structure  of 
ibis  instrament  was  diametrically  at  variance  with  the  theories  of  Galvani  and  Fabroni, 
it  was  sot  lest  at  variaaco  with  the  theory  of  Yalta  himself.  It  hasi  been  stated  that 
the  instrument  can  only  be  brought  into  actiyity  by  the  interposition  of  a  moistened 
disc  of  flamael,  or  other  absorbent  material,  between  each  pair  of  plates. 

The  theory  of  Yolta  mdently  affoida  no  rtUionalei  of  this ;  and  it  is  stiil  more 
ZKeompatlbie  with  the  fact  hereafter  diacoYefed,  that  the  interposed  moistnre  must  be 
of  a  kind  that  exerdses  some  diemieal  effect  on  one  of  the  metals.  Hence  three 
questions  presemt  themaolTes  ior  investigation ;  they  are  these : — (1),  Is  metallic  con- 
tact a  souree  of  electrical  power }  (2).  Is  the  electrical  power  from  mechanical  contact 
aided  by  ehemlictl  action  ^  (S),  Is  the  dectxical  disturbance  refSerable  to  chemical 
action  alone } 

These  three  questLons^  varioasiy  agitated,  have  been  prominent  topics  of  investiga- 
tion evor  since  the  time  of  Yolta,  and  have  entered  as  elements  into  all  subsequent 
theories  of  voltaic  ezcitatioii.  These  tiiecHiea  will  be  farther  adverted  to  in  their  proper 
place ;  meantime,  it  may  be  desirable  to  state  here  that  the  theory  which  attributes  all 
the  residtmg  electridd  exeitement  to  dieas&ieal  action  is  that  most  usually,  if  not 
uaiveisany  accepted  at  the  present  time. 

Simple  Mid  GompttuiiA  ▼•Itftic  Goaaliiaatlomsr— A  simple  voltaic  com- 
bxBation  ia  that  in  which  the  smallest  number  of  parttr  compatible  with  manifesting  the 
voltaic  result  ia  euqployed.  F(ur  example,  two  metals,  and  a  fluid  diemically  affecting 
one  of  them,  is  a  sim^e  voltaic  axnmgement,  as,  in  like  manner,  is  a  metal  placed  in 
reiafioB  to  two  diffetort  chemical  fluids,  each 
exercising  ite  own  specific  aetion.  A  com«- 
pound  voltaic  arrangement  ia  one  con(Hsting 
of  many  simj^e  arrangementa  ag^;regated  into 
one  instnunent    Thus  a  single  piece  oi  auio 

brought  into  mediate  or  immediate  contact  t%.^.  Pig.  3. 

with  a  piece  of  silver  or  copper,  and  both 
metals  immersed  in  a  liquid  capable  of  acting  chemically  on  the  zinc,  constitutes  a 


Fig.  4. 


simple  voltaic  arrangement.     The  annexed  diagrama  further  illustrate  this  point. 
Fig«  1  represents  a  simple  voltaic  arrangement  by  immediate  contact ;  Fig.  2  a  simple  j 

CHEMISTRY.— No.  VIII.  a 
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voltaic  arrangement  by  mediate  contact ;  the  intermediate  sabstance  being  tiie  iriiea 

Figures  3  and  4  represent  componnd  arrangements  resalting  from  an  agggeg^tifln 
of  the  two  Tarieties  of  simple  ones  preyionsly  depicted. 

It  has  been  already  stated  that  the  language  of  FranUin's  one-fluid  tbeory  affords 
considerable  fiEU^ilities  in  the  description  of  voltaic  phenomena.  I  shall)  thereforo, 
unreservedly  adopt  it,  with  the  express  understanding  that  the  adoption  is  made  solely 
with  a  view  to  &cility  of  description.  Speaking,  then,  according  to  the  language  of 
this  theory,  every  voltaic  arrangement  may  be  regarded  as  furnishing  the  conditiona  of 
a  circuit  along  which  the  current  of  electricity  passes,  and  this  circuit  may  be  dosed  or 
broken.  Thus  Fig.  1  represents  a  dosed.  Fig.  2  a  broken  cirouit.  Along  this  oinmity 
whilst  dosed,  a  continuous  dectiic  current 
passes,  in  tension  proportionate  to  the  number 
of  combinations  simultaneously  acting,  in 
quantity  proportionate  to  tiie  area  of  metallic 
surface,  and  the  character  and  power  of  those 
^ff*  !•  diemical  actions  which  are  associated  with  Fig.  S. 

the  activity  of  the  voltaic  combination.  It- is  desirable  to  acquire  settbd  notions 
concerning  the  direction  of  this  dectrio  current;  and  a  simple  method  exists  of 
fixing  this  information  in  the  mind : — The  emrmaffottetfrcm  the  metal  eu^feet  togreaiest 
ehemieal  action  to  the  liquid^  thenee  to  the  teeondmetai,  amd  eo  forward.  Now,  in  a.vdtaic 
combination  of  zinc,  copper,  and  dilute  sulphuric  acid,  the  metal  diiefly,  indeed  entirely, 
acted  upon  is  zinc ;  therefore,  according  to  the  rule  just  laid  down,  tiie  coraent  should 
pass  from  the  zinc  to  the  dilute  acid,  thence  to  the  c<qyper.  It  does  so-^  short,  the 
rule  is  never  violated ;  hence,  being  remembered,  it  defines  the  direction  of  deotridty 
in  all  voltaic  arrangements,  however  complex  their  several  Jparts  may  be.  Kucfa.  oon- 
frudon  of  language  has  arisen,  and  considerable  difficulties  have  been  imparted,  by 
departing  from  this  simple  rule  of  guidance,  and  applying  the  terms  positive  or  negative 
as  absolute  instead  of  relative  designations.  From  a  consideration  of  what  has  been 
said,  the  starting  point  of  electridty,  in  every  voltaic  arrangement  consisting  of  copper, 
zinc,  and  dilute  sulphuric  acid,  must  be  zinc,  where  that  metal  it  in  eontaet  with  the  fluid. 
Hence  this  may  be  termed  the  beginning  of  a  voltaic  arrangement ;  but  the  zinc  can 
only  impart  electricity  by  losing  electridty — therefore  zinc  is  the  positive  metal  in  such 
a  battery,  although  constituting  the  negative  end  or  pole  of  the  battery.  This  wiU  be 
evident  on  the  slightest  reconsideration  of  the  parts  of  which  a  voltaic  battery  is 
composed. 

Another  source  of  confusion  has  arisen  in  applying  the  terms  positive  and  negative 
to  the  extremities  or  poles  of  voltaic  arrangements,  owing  to  the  different  theories 
prevalent  in  relation  to  the  cause  of  voltaic  energy.  Thus,  Yolta  himself,  as  I  have 
before  stated,  attributed  this  energy  to  metallic  contact  alone.  Hence, 
according  to  his  views  the  simplest  possible  combination  of  zinc  and 
copper  would  have  been  as  follows : — 


Reduplicating  these  simple  arrangements,  Yolta  arrived  at  his  compound  pile,  whidi 
is  represented  on  the  following  page. 

In  this  arrangement  the  electric  current  traverses  vpwarda;  consequently  the  zinc 
end  or  pole  of  the  pile  is  positive,  and  the  copper  end  negative.  But  supposing  Volta's 
theory  to  be  incorrect — supposing  the  electric  force  not  to  originate  from  metallic  con- 
tact, but  from  chemical  action,  then  it  follows  that  the  extreme  plates  of  the  arrange- 
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meat  may  be  zemoved  without  prejudice  to  the  result,  when  the  copper  end  would 
beoome  pootiTe  and  the  aino  end  negative.  If  the  fact,  however,  he  alwaya  zemembered 
thai  the  elBofciie  cnzient  panes  in  the  manner  already  described,  no 
ambigpity  can  arise. 

The  statement  has  been  already  made  that  the  tension  of  eleo« 
triciiy  developed  from  a  Toltaic  battery  is,  M^em  jMrtikit,  in  pro- 
portion to  the  number  of  combinatians ;  hence  it  follows  that  in 
proportion  as  the  number  of  combinations  is  great,  so  do  the  results 
of  voUaio  electricity  resemble  more  those  produced  by  fictional 
electricity.  This  fact  is  strikingly  borne  out  by  every  phase  of 
Toltaio  manifestatian.  A  battery  consisting  of  oiUy  a  few  pairs  of 
large  plates,  and  which  gives  rise  to  the  most  stupendous  physical 
e£Eeots— sueh  as  the  fusion  of  platinum  bars,  of  clay,  &o.— ia 
incapable  of  giving  the  electric  shock,  deflecting  an  electrometer, 
or  imitating  in  any  nuumer  the  results  of  frictional  electricity.  Provided,  however, 
^a  si^dent  number  of  combinations  be  aggregated,  the  ends  of  the  poles  of  such  a  com- 
bination are  able  to  vSdot  the  electrometer,  and  thus  the  kind  of  influence  proper  to 
each  pole  may  be  determined.  Since  the  discoyery  of  the  galranometer,  howeyer,  an 
instrument  which  will  be  described  farther  on,  a  far  more  practicable  means  ejdsts  of 
deteimining  the  quality  of  electricity  proper  to  each  end  of  a  voltaic  battery, 

Effaot*  of  Tpltidc  Sloctiicity.— These  may  be  conyenientiy  divided  into 
physiologioal,  electrical,  chemical,  and  magnetic. 

The  pkynoiogieal  effects  of  voltaic  electricity  chiefly  refer  to  the  production  of 
involuntary  muscular  oontractionsy  and  of  shocks  similar  to  those  produced  by  a  Ley  den 
jar.  The  kind  of  battery  best  adapted  for  this  class  of  experiment  is  one  composed  of  a 
large  number  of  seriea-^not  less  than  two  hundred— but  the  individual  size  of  each  of 
the  series  need  not  be  large,  nor  is  it  necessary  to  employ,  |br  exciting  the  apparatus, 
a  chemical  mixture  of  great  strength.  The  most  convenient  fbrm  of  GonBtructio^  for  a 
battery  of  this  kind  will  be  made  apparent  hereafter,  when  the  different  existing 
varieties  of  voltaic  aj^aratus  are  explained ;  and  the  physiological  agencies  of  voltaic 
influence  being  remote  from  chemistry,  the  few  remarks  already  made  under  this  head 
willsuffice. 

The  ekUric  effects  of  voltaic  energy  resemble  those  produced  by  the  ordinary 
machine,  more  closely  as  the  number  of  voltaic  combinations  is  greater ;  the  similarily 
of  effects,  in  other  words,  is  proportionate  to  the  number,  without  reference  to  their 
sLse.  When  the  combination  is  sufficientiy  numerous,  all  the  eflbots  of  frictional 
electricity  may  be  produced,  and  conversely,  as  Br.  WoUaston  has  shown,  all  the 
effects  of  voltaic  eneargy  may  be  produced  by  employing  flictional  electricity  with 
certain  necessary  precautions.  The  determination  of  these  points  was  very  necessary, 
in  order  that  the  identity  of  .voltaic  influence  and  electricity  might  be  established.  At 
present  the  identity  is  demonstrated  beyond  all  controversy. 

Although  the  electrical  effects  of  voltaic  arrangements  may  be  accomplished  by  the 
.  ordinary  machine,  yet  the  variation  as  to  degree  between  these  classes  of  effects  is  so 
very  great,  that  certain  phenomena  may  be  practically  considered  as  belonging  especially 
to  tiie  effects  of  voltaism. 

Qmbtution  and  JheantUscence.-^In  the  section  of  frictional  electricity,  the  power  of 
that  agent  in  effecting  combustion  of  substances  imder  given  conditions  was  shown. 
The  result  was  demonstated  to  be,  ceteris  paribus j  proportional  to  the  obstruction  opposed 
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to  the  «le<jfridal  txttrent  in  its  possftgd ;  hence)  its  oomhtt&tiye  Cifi^ts  Weire  Bufidtet^Ji*  ftr 
fts  relates  to  oottdaetors,  to  tbose  h&riag  a  small  seHaonial  asea.  Tbeqtititttity^jof  ^^eetai- 
city  capable  of  genemtioii  ifi  a  giren  tiine  fro>m  our  l9itgatb  ^(Aftdt  ttn^BgemeBt,  di 
greater,  beyond  all  calculable  proportion,  than  that  from  onr  largest  o1eetfieiiMiCiU&fl#} 
hence,  the  combustite  efil»^  of  th(D  Toltaic  btrttevy  aye  verf  brilliant. 
__  A  few  experiments  may  n&w  be  git«n  indid^tiye  of  %he  <^ttef  phenoawiMi  «ff  tvHalo 
combustion  and  incttndeieence.  As  a  special  desoriptioa  of  tho  pMioHcf^  codHttrtioliiMi 
of  voltaic  batteries  win  be  defsned  to  a  farther  part  of  litis  section,  it  is  desMble  to 
state  that  the  best  kind  ^  btittery  for  developing  the  e£Ms  presently  %o  be  Astaiied,  is 
the  invention  of  Mr.  Orove^  Of  tdl  Icnown  arrangements,  l^s  battery  evolves  iSke 
greatest  amount  of  vollttio  infltteSnee  in  a  given  time,  and  from  given  ^mensiMii^.  A 
minute  description  of  Grove's  battery  will  be  giten  'hereafter ;  meantime  it  Is  neeessary 
to  state  that,  amongst  other  variiitions  from  the  materials  ^  the  ¥eitde  afiangemeate 
already  noticed,  there  is  the  important  one  of  Substituting  p^iinutt  fGV  oo^|iper. 

For  the  first  eacperimeni;,  thb  tkfhgraHon  tf  mHMe  foih^  it  is  denin^ble  to  provide  a 
poUshed  metallic  plate,  about  S^-  inches  wide  by  12  or  1^  le(fig,  and  soldeted  at  one 
extremity  to  the  pomtive  irire  or  pde  of  the  voltaic  batt€»y ;  inclisaed,  wh^  ined, 

by  any  conveniadt  snpport  at  an  angle  of 
about  41^*.  T^  metallio  fi>il  ^  be  ^e- 
flagtated  is  now  attadifed  to  ^e  ej^remltiy 
of  the  negative  wire)  and  )»e>Eigbt  into 
ccntaot  wi&  the  ^late.  Befiagration  will 
immediately  ensue,  if  the  battery  be  in 
good  waking  oondSien;  bnt,  fai  c^der  to 
seeure  itti  equable  eontinanno^  the-fi)il 
requires  to  be  brought  into  eontwH;  with 
difEbrent  porttons  of  the  'm^lallie  swfiieee, 
inasmuch  as  the  deflagraMon  be^Dg  at- 
tended with  oxidatKm  of  the  metal,  dulls 
the  plate,  and  thus  prevents  good  metidlic 
intact.  In  these  and  simifer  eaues^ 
voltaic  combustion,  the  amount  of  effect  is  proportional  to  the  amount  of  electricity 
which  passes,  and  tins  is  proportional,  chMnioal  amotion  being  equal,  to  the  vtse  of  the 
plates,  independent  «f  ^or  ntynber ;  bat,  cm  the  other  hand,  a  certain  amount  of  in- 
tensity requites  to  be  given  to  tiie  voltaic  influenee  in  order  to  enable  Ai  to  £>roe  its 
way  through  amy  badly  octidaotiag  body  whi<^  may  He  in  its  paHi.  For  example, 
referring  to  tiie  last  «tperiment,  it  would  be  fonnd  thift  if  a  voltaic  oomMnatkm  <if 
only  one  pair  of  plates  had  been  used,  llie  resdting  influence  woxdd  soareely  have  been 
able  to  foroe  its  way  t3ut>^h  the  tAQ)er6oial  eoat  of  dulness  which  eoUeots,  owing 
to  oxidation  and  other  oauses,  on  the  surface  of  aM  metols.  By  increasing  the  number 
of  combinations  to  five  or  six,  the  degree  of  intensity  is  imparted  neoessary  to  over- 
come these  casual  obstacles.  Slill,  even  under  Hie  latter  <»rcunistanoes,  so[feelde  is  the 
tension  of  the  pasdng  '^ectiioity,  so  slight  its  endeavour  to  escape,  that  ik^  oonduet- 
ing  mres  of  the  battery  may  be  handled  without  oommnnioating  a  shook  to  Hie 
operator,  and  without  dissipating  the  voltaic  current  which  is  passing.  Freqnentiy 
the  prosecution  of  es^erim^ts  with  voltaic  electricity  of  wedc  tension  is  fkcilitated 
by  amalgamating  the  metallic  bearings,  by  which  treatment  nbsolute  metallio  contact 
U  insured.     For  extemporaneous  dispositions  of  i^paratus,  this  treatment  is  sometimes 
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dmxM»;  but,  goatezsUy  speaking,  recourae  abouU  not  be  had  to  tbe  eacpedient  in  instru- 
mealif  o£  mostly  naituce  and  limited  power  of  aocommodation  between  their  points  of 
adjisbneni  Amidgaoiatioa,  in  the  latter  oaaa,  rapidly  destroya  Uie  hoaxing  surface, 
and  thna  tiie  inatnment^  althou£^  more  powerful  at  first  than  it  would  haye  been  had 
meceuy  not  been  naed>  is  rafidly  destroyed,  Whilat  perlonning  the  deflagration  of  vari- 
ous metals,  the  experimenter  wiH,  observe  each  metal  to  bum  with  evQluti(»  of  its  own 
peoniiMr  ligbt  Ciold  leaf  eyolves  a  bluish-white  light,  ommbling  into  a  dark-browu 
«iidft;  silver  yields  a  light  of  an  emerald-green  colour;  copper  bums  with  a  bluish- 
white  light,  attended  with  the  evolution  of  sparks ;  lead  evolves  a  purple;  and  zinc 
a  brilHant  white  li|^t  inclining  to  blue,  and  fringed  with  red« 

The  deftagrwtbn  of  slieel  wire,  which  required  such  considerable  power  of  factional 
electricilj,  may  reaAily  be  accomplished  by  means  of 
voltaic  inftnieoce^  even  with  «  battery  of  small  dimen- 
simi*..  The  best  way  of  eondueting  this  experiment 
oMMMts  in  eslahtirfiing  eonlaot  belwemthe  ateel  wire 
aadn  flBiftoe  oC  meccury  in  commu^aitioa  with  ihd 
negative  «nd  of  a  voltaic  battery,  as  re^resaited  ^  tha 
accompanying  diagram. 

Substituting  other  metallic  wires,  each  metal  will 
be  seen  to  havts  its  own  measure  of  voltaic  combusti- 
bility ;  and  on  referring  to  a  list  of  conductors,  arranged 
according  to  their  conducting  power,  it  will  be  found 
that  the  metal  which  conducts  electricity  least  per<r 
fectly  is  the  most  easily  deflagrated.  This  resuU  is 
isonsonant  with  what  we  have  already  seen  in  our 
iny^tigations  of  frietional  electricity. 

By  aixangiBg  tw«  metallic  bars  as  represented  in  the  diagram,  the  relaiivQ  difference 

^      of  eomhuatilHlity  subsisting  between  dif- 
^  ^^  ferent  metame  wires  of  equal  siiie  may  be 


readily  appreciated.  Supposing  platinum 
wire  to  be  stretched  acrcrsa  these  slanting 
metallic  bars  in  contact  with  both,  at  the 
point  r^reseated  in  thQ  diagram,  and  to 
become  barely  io^andeecenlt  ^^^  silver 
wire,  in  carder  to  be  m&de  incandescent 
to  the  same  extent,  must  be  held  firm 
down  in  contact  with  the  bars,  at  a  point 
where  the  distance  between  them  is  less, 
as  represented  at  a ;   and  the  difference 

between  ti&e  length  of  silver  wire  and  Hie  length  of  platinum  wire— thus  rendered 

equally  ineandesoent  by  the 

same  battery-power— mny    4^ 

beoonsideied  proportioaj^     AkVc 

to  the  respective  oapaeities 

of  eihrer  and  platinum  for 

eondnoting  eleetrioity. 
A  T^ry  elegant  way  of 

demonstratiiig  the  fact  deduced  fnnn  the  last  experiment  is  as  follows :— -Procure  some 
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pieces  of  platinum  and  silver  wire  of  equal  dimensions,  and  twist  their  ends  together  in 
such  a  manner  that  a  compound  arrangement  may  result;  and  suspend  the  comhaaa- 
tion  by  either  end  from  the  terminal  wires  of  a  yoltaic  battery  in  action.  If  the 
dimensions  of  the  wire  be  correctly  apportioned  to  the  power  of  the  battery,  all  th« 
silver  lengths  will  remain  obscure,  whilst  all  the  platinum  lengths  are  illuminated. 
The  experiment,  if  performed  in  a  darkened  apartment,  is  very  striking. 

The  most  brilliant  e£fect  of  vdtaic  combustion,  or  rather  incandescence,  xeeults 

from  causing  the  influence 
to  pass  between  two  oharooal 
points,  attached  reepeetively 
to  either  terminal  wire  of  a 
voltaic  battery. 

When  tiie  apices  of  two 
conoidal  pieces  of  chaiooal 
are  brought  into  contact,  after  having  been  attached  to  the  terminal  wires  of  a  voUaie- 
batteiy  in  operation,  as  represented  in  the  accompanying  diagram,  a  vivid  spark  appears, 
and    the   charcoal   points    immediately 
assume  a  most  vivid  state  of  ignition, 
without  suffering  combustion  at  all  pro-  « 
portionate  to  the  light  evolved ;  indeed,  ' 
if  the  charcoal  points  be  immersed  in  oil, 
in  water,  in  vacuo,  or  in  hydrogen  or 
nitrogen  gases,  the  same  brilliant  light, 
slightly  modified,  is  evolved— a  fact  which 

sufficiently  proves  the  phenomenon  not  to  be  entirely  referable  to  ordinary  chemioal 
combustion.  If  the  battery  employed  for  the  performance  of  this  experiment  be  of 
adequate  strength,  the  charcoal  points  may  be  separated  considerably  from  each  other, 
when  a  broad  and  vivid  arc  of  flame,  possessing  extraordinary  heating  power,  joins 
the  two  charcoal  points ;  and  the  most  infusible  bodies,  when  placed  within  the  limits 
of  this  arc,  are  either  fused  or  dissipated  in  vapour. 

AU  charcoals  do  not  answer  equally  well  for  this  experiment ;  the  fSftoility  of  incan- 
descence being  almost  directly  proportiouate  to  the  density  of  the  charcoal  Hence 
that  resulting  from  the  destructive  distillation  of  box-wood  or  lignum  vitse  is  the  best 
that  can  be  made  from  wood.  It  is  necessary,  also,  that  the  charcoal  be  thoroughly 
well  burned — for  which  purpose  the  box- wood,  or  lignum  vitse,  may  be  imbedded  in  a 
crucible  full  of  sand,  and  exposed  to  an  intense  furnace-heat. 

The  best  sort  of  carbonaceous  nvatter  for  the  purpose  is  made  by  burning  a  mixture 
of  sugar  and  powdered  coke. 

The  light  developed  from  such  incandescent  charcoal  points  is  so  intense,  and  the 
primary  colours  are  so  well  mingled,  that  it  would  seem  admirably  adapted  for  purposes 
of  illumination.  All  attempts,  however,  hitherto  made  in  this  direction  have  practically 
failed,  chiefly  on  account  of  the  intermittent  nature  of  the  light— a  consequence  of  the 
gradual  destruction  of  the  charcoal  terminals,  and  the  ever-varying  contact  resulting. 
Some  ingenious  mechanical  contrivances  have  been  adopted  to  remedy  this  latter  defect ; 
and  a  certain  amount  of  regularity  of  incandescence  has  been  gained  by  employing  the 
dense  artificial  carbon  of  sugar  and  coke :  the  objection,  however,  has  not  been  over- 
come. If  the  electric  light  diould  be  rendered  intermittent,  the  economy  <^  its  implica- 
tion would  constitute  tiie  next  point  for  determination.    It  would  be  necessary  to 
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employ  a  battery  of  such  kind  that  the  product  of  solution  going  on  within  it  should 
be  oommercially  available ;  and  the  proceeds  of  its  sale,  together  with  a  fair  remu- 
neration for  the  light  eyolved,  should  coyer  the  total  expense  of  apparatus,  wear  and 
tear,  and  8iq>erintendence. 

2%$  ch$mieoi  agenciea  of  yoltaic  electricity  are  yery  remarkable.  Their  discoyeiy 
was  first  made  in  this  country ;  the  deyelopment  of  their  laws  is  also  chiefly  due  to  our 
own  philosophers ;  and  perhaps  the-  most  brilliant  discoyery  ever  made  in  chemistry 
was  the  result  of  suocessfully  applying  them— -I  allude,  of  course,  to  Dayy^s  master- 
disooyery  of  potassium  aild  sodium. 

The  first  chemical  agency  of  the  yoltaic  battery  which  came  under  the  notice  of 
philosophers  was  the  decomposition  of  water.  This  discoyery  was  made,  in  the  year 
1800,*  by  Messrs  Nicholson  and  Carlisle,  who,  operating  with  a  common  yoltaic 
pile,  composed  of  zinc  and  copper  pairs,  with  moistened  flannel  between,  perceiyed  the 
odour  <^  hydrogen  gas.  They  naturally  assumed  that  the  hydrogen  thus  liberated  must 
oome  from  the  water  employed  to  moisten  the  plates,  and  that  the  decomposition  of 
water  must  be  referable  to  the  agency  of  the  pile.  Prosecuting  their  inquiries,  these 
philosophers  next  tried  the  effect  of  passing  the  yoltaic  current  through  water,  causing  it 
to  form  part  of  a  oiicuit,  whereupon  they  demonstrated  the  correctness  of  their  previous 
supposition — ^water  was  decomposed ;  and  by  slightly  varying  the  form  of  apparatus, 
hydrogen  and  oxygen  gases  were  separately  collected. 

The  accompanying  woodcuts  illustrate  the  means  of  performing  both  these  experi- 


<<::^ 


Fig.l. 


Fig.  2. 


ments ;  Fig.  1  referring  to  an  arrangement  by  means  of  which  water  is  decomposed, 
and  its  constituent  gases  collectiyely  obtained;  Fig.  2  to  a  modification  of  that 
apparatus,  by  means  of  which  the  two  gases  may  be  obtained  separately. 

The  preceding,  and  all  other  decomposing  effects  of  yoltaic  electricity,  take  place  in 
imperfectly-conducting  bodies,  in  which  the  electric  current  meets  with  a  certain 
amount  of  impediment  during  its  flow.  The  obstruction,  however,  requires  adjust- 
ment, in  order  that  the  operation  may  succeed.  Certain  bad  conductors  require  to  have 
their  conducting  powers  increased  in  order  that  energetic  decomposition  may  take  place. 
"Water  is  of  this  kind.  Considered  in  relation  to  electricity  of  high  tension,  such  as 
that  produced  by  the  ordinary  electrical  machine,  water  is  a  very  good  conductor ;  but 
considered  in  relation  to  yoltaic  electricity  of  low  tension,  it  is  not.    If,  therefore,  the 

•  **Phfi.  Hag.,"  Tii.;  ud  *<  Nicholson's  Journal,"  ito,  iv.,  1831.    Subsequently,  the  chemical 
hetiof  voltaic  electricity  were  more  accurately  examined  by  Hisinger  and  Berzelius  ("  Gehlen*s 
JoomaV  i- 115)* 
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battery  do  not  coosast  of  a  great  number  of  plaftes,  the  deeomposition  of  vater  will  aot 
readily  be  accompfished,  vitboat  increasixig  the  oondocting  power  of  &at  liquid.  Thk 
is  usually  effected  by  the  addition  of  a  litUe  acid,  or  oonuBon  salt. 

When  the  decomposition  of  water  is  effected  in  an  apparatus  which  adniifs  of  the 
two  gases  being  eirolyed  and  collected  separately,  it  will  be  readily  observed  that  the 
hydrogen  is  invariably  liberated  from  one  end  of  the  battery,  oxygen  from  the  o&er. 
It  will  be  seen,  moreoyei,  that  hydrogen  invariably  corresponds  with  the  neg8tiv«, 
oxygen  with  the  pontive  end :  the  question,  then,  naturally  arises,  why  this  apparoit 
election?  The  question  inyolves  an  important  theory  d  eheniicid  cemhiBstiQa^ 
proposed  by  Davy,  and  called  the  deeero^hemieal  thewy,^ 

Accenting  the  Toltaic  decomposition  of  water  as  the  starting  poiat  of  farther 
investigations,  and  extending  the  observation  of  parallel  experira^its  to  other  cases,  it 
will  be  fotmd  that  the  decomposition  of  ctmipounds,  when  submitted  to  the  agency  of 
Toltaic  power,  is  genend,  not  special.  Not  alone  is  it  exercised  on  water,  but  the 
decomposition  extends  to  numerous  other  compounds.  The  function,  however,  is  not 
extended  to  all  chemical  compounds ;  and  therefore,  though  general,  is  not  traiversal, 
as  Davy  imagined  it  to  be.  Any  theory,  then,  which  associates  with  an  entire  nage  of 
phenomena  of  one  class  a  function  only  haying  reference  to  a  part  of  them,  most  neces- 
sarily be  defective.    The  electro-chemical  theory  of  Davy  is  in  this  position. 

The  chemical  decompositions  resulting  fiom  voltaic  influence  led  this  philosopher  to 
imagine  that  electrical  attraction  and  chemical  affinity  were  identical ;  and  he  implied 
some  of  the  fundamental  laws  of  electricity  to  an  explanation  of  the  chemical  union  of 
bodies,  and  their  subsequent  decomposition  by  voltaic  energy. 

Perhaps  the  electro-chemical  theory  of  Davy  will  be  rendered  more  intelligible 
if  our  investigations  be  limited,  at  first,  to  one  specific  case.  Taking,  then,  water  as 
our  material  of  investigation,  it  is  composed  of  two  elements— oxygen  and  hydrogen. 
When  decomposed,  oxygen  invariably  liberates  itself  at  the  positive  end  or  pole  of  the 
voltaic  arrangement,  and  hydrogen  at  the  negative  eikd  of  the  same.  Now,  oppositely 
electrified  bodies  attract  each  other ;  therefore  if  we  assume  hydrogen  to  be  endowed 
with  positive  electricity,  it  should  be  attracted  towards  the  negative  end  or  pole  of  the 
battery ;  and  vice  rerad,  if  we  assume  oxygen  to  be  endowed  with  negative  electricity, 
it  should  be  attracted  towards  the  positive  pole  or  end.  And  this  is  what  Dayy  imagined 
to  be  the  case.  He  imagined  all  elements — and,  indeed,  all  substances  generally — 
capable  of  taking  part  in  chemical  combinations,  to  be  endowed  by  nature  with  one 
definite  kind  of  electricity;  and  that  two  molecules,  or  aggregates  of  molecules,  having 
opposite  electrical  states,  being  brought  in  contact,  under  favourable  conditions,  would 
combine  and  form  a  chemical  compound.  Hence,  according  to  this  philosopher, 
chemical  affinity  is  for  molecules  that  which  Motional  electricity  is  for  masses,  a  dual 
force,  capable  of  penetrating  matter,  and  each  function  of  duality  mutually  attractive 
of  the  other.  These  premises  being  granted,  it  should  follow  conversely,  that  if  elec- 
trical power  of  one  definite  strength  accomplishes  chemical  imion  of  particles,  the 
^plication  of  electrical  power,  having  greater  strength,  should  separate  those  particles ; 
and  this  is  the  explanation,  according  to  Davy,  of  what  occurs  when  water  is  decomposed, 
oxygen  being  attracted  to  the  positive  pole  with  a  stronger  attraction  than  that  exercised 
by  the  associated  hydrogen,  and  viee  verad, 

^Extending  these  decomposing  effects  of  voltaic  energy  to  various  chemical  com- 
pounds, it  was  found  that  metals— inflammable  substances  in  general — the  alkalies, 
earths,  and  oxides  of  the  common  metals,  were  liberated  at  the  negative  p(de ;  whilst 


Digiti 


zed  by  Google 


TRANSMISSION  OF  ONE  BOOT  THROUGH  ANOTHER. 


249 


oxygen,  chloriBe,  and  the  aoida,  went  oyer  to  the  opposite  extremity.  It  was,  moreoTer, 
obseryed  that  the  pole  or  extremity  from  which  an  element  or  a  compound  was  liberated 
from  one  combination^  was  the  Eame  for  alL 

During  a  modification  of  these  experiments  it  was  that  Sir  H.  Davy  made  his  dis- 
ooynies  reiatlTe  to  the  bodily  tnmsference  of  certain  materials  when  exposed  to  voltaic 
decomposition.  He  commenced  these  inyestigations  by  trying  what  would  be  the 
result  of  eonneeting  two  glasses  containing  water,  by  some  capillary  substance,  such 
as  amianthus,  and  subjecting  the  water  in 
either  glass  to  yoltaic  agency. 

Under  these  circumstances  he  found 
that  decomposition  ensued  as  before — 
oxygen  gaa  appearing  at  the  positiye  end, 
and  hydrogen  gas  at  the  other.  He  next 
varied  the* experiment  thus: —  To  the 
negative  cup  a  solution  of  sulphate  of  potash  or  soda  was  poured,  and  into  the  positive 
cup  distilled  water ;  both  cups  were  now  connected  by  means  of  some  filaments  of 
amianthus,  and  voltaic  electricity  passed.  Under  these  circumstances  the  liquid  in 
the  negative  cup  became  alkaline,  and  the  liquid  in  the  positive  cup  acid.  When 
the  original  disposition  of  liquids  was  reversed,  the  saline  solution  being  contained 
in  the  negative  cup,  and  water  in  the  positive,  the  same  ultimate  result  occurred. 
Again,  mutual  transfer  was  effected  when  distilled  water  was  poured  into  the  two 
terminal  cups,  and  a  saline  solution  in  the  middle  or  interposed  cup,  the  three  cups  being 
connected  by  moistened  amian^us. 

But  the  most  extraordinary  phenomenon  in  rdation  to  the  voltaic  transfer  of  bodies 
noticed  by  Davy  was  the  transmission  of  one  body  through  another,  the  two  possessing 
a  mutuid  affinity  without  combination ;  as,  for  example,  the  passage  of  an  acid  through 
a  free  alkaline  solution,  or  the  reverse.  The  three  cups  being  arranged  as  before,  a 
solution  of  sulphate  of  potash  was  poured  into  the  negative  cup,  distilled  water  into 
the  positive  cup,  and  a  weak  solution  of  ammonia  into  the  cup  between,  in  such  a 
manner  that  no  sulphuric  acid  could  arrive  at  -|-,  without  permeating  the  interposed 
anmioniacal  liquor.  Bispositionfl  being  as  thus  stated,  and  the  battery  being  put  into 
activity,  free  acid  appeared  at  the  positive  pole.  In  like  manner,  hydrochloric  and  nitric 
acids  were  caused  to  pass  through  strong  alkaline  solutions ;  and,  reversing  the  condi- 
tions, alkalies  were  transmitted  through  acids. 

It  is  impossible  not  to  associate  the  idea  of  attraction  with  the  results  detailed  in 
the  previous  experiments;  and,  accordingly,  the  electro-chemical  theory  of  Davy 
assumed  electrical  attraction  of  molecules  to  be  identified  with  affinity.  He  assumed 
the  total  dual  influence  of  the  voltaic  pile  to  be  concentrated  in  its  two  ends  or  poles, 
and  arrived  at  the  conclusion  that  all  compounds  might  be  resolved  into  successive 
binary  groupings,  by  exposing  them  to  the  influence  of  sufficiently  powerful  voltaic 
attraction.  The  theory  is  simple  and  fascinating ;  it  is  based  on  extensive  observations 
and  large  generalizations ;  it  cannot,  however,  be  accepted  to  the  full  extent  claimed 
by  Davy,  for  reasons  to  be  mentioned  hereafter.  Nevertheless,  despite  all  modifica- 
tions which  this  theory  has  received  at  various  hands,  it  contains  within  itself  an 
amount  of  verisimilitude,  if  not  actual  truth,  incompatible  with  its  total  rejection. 
Modified  in  some  form  or  other,  it  has  been  adopted  by  all  chemical  philosophers  since 
the  time  of  Davy,  and  still  aff<nrds  a  means  of  classifying  chemical  bodies  into  electro- 
poeitwet  and  eleettro-negaiives. 
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Philosophers  now  agree  that  the  decomposition  of  chemical  compounds  hy  the  vol- 
taic battery-  is  not  caused  by  polar  attractions ;  that  the  appellation,  pole,  as  applied  to 
the  metallic  terminals  of  a  yoltaic  combination,  inyolves  fSedse  views,  and  that  the 
transmission,  by  voltaic  influence,  of  acids  across  alkalies,  and  viee  persd,  follows  as  a 
necessary  consequence  of  the  affinity  between  the  two.  For  a  determination  of  these 
facts,  we  are  indebted  to  Professor  Faxaday. 

Faxaday'B  BSodifications  of  the  Polaz  Theozy  of  Toltaic  Combinations. 
— Supposing  the  electro-chemical  theory  of  Davy  to  be  a  true  representation  of  fSeutts, 
every  body,  whether  simple  or  compound,  should  either  possess  or  have  the  tendency 
to  assume  one  invariable  quality  of  electricity.  Hydrogen,  and  all  bodies  which, 
when  separated  by  voltaic  agency  from  their  compounds,  go  to  the  negative  pole  of  a 
voltaic  arrangement,  should  either  possess  or  have  the  tendency  of  assuming  positive 
electricity.  Oxygen,  on  the  other  hand,  and  other  bodies  termed  electro-negative, 
because  of  their  g^ing  to  the  positive  pole,  should  be  endowed  with  the  opposite 
characteristic. 

If  bodies  were  naturally  endowed  with  different  kinds  of  electricity,  the  circumstance 
should  admit  of  easy  proof.  We  might  appeal  to  the  electrometer  for  demonstra* 
tion;  or,  more  pertinently  still,  we  might  appeal  to  the  voltaic  battery  itself;  for 
if  a  simple  body,  minutely  divided,  be  suspended  in  some  indifferent  fluid,  and  voltaic 
electricity  caused  to  traverse  the  fluid,  the  suspended  particles  should  be  attracted  to 
one  pole  or  the  other.  This  is  not  the  case.  The  experiment  has  been  tried  with  charcoal 
minutely  divided  and  held  in  suspension  by  sulphuric  acid ;  it  has  been  tried  on  gold 
precipitated  by  sulphate  of  iron  from  its  solution,  without  the  slightest  positive  effect. 
The  greater  number  of  bodies  do  not  admit  of  this  kind  of  experiment ;  but  applying  to 
them  the  analogy  of  others  to  which  they  are  allied,  it  would  seem  that  the  theory 
which  assumes  molecules  to  be  endowed  with  definite  electrical  states,  is  imfounded. 

But  this  was  not  Davy's  assumption.  His  theory  did  not  require  so  extreme  an 
admission,  but  would  be  substantiated  in  all  that  relates  to  the  voltaic  decomposition 
of  bodies,  on  the  assumption  that  a  definite  electrical  state  would  be  assumed  by  con- 
tact ;  and  this  postulate,  judging  from  the  investigations  of  himself  and  others,  seemed 
to  be  granted.  Yolta,  as  we  have  already  seen,  referred  the  source  of  energy  of  com- 
binations, which  bear  his  name,  to  the  contact  of  metals.  Davy  agreed  with  Yolta  in 
considering  metallic  contact  the  first  cause  of  voltaic  excitement,  but  he  believed 
chemical  action  necessary  to  the  sustaining  of  this  excitement  That  chemical  action 
originated  electricity,  he  strongly  denied;*  but  Becquerel,  Delarive,  and  Pouillet, 
have  demonstrated  the  contrary.f 

Yolta's  experiments  on  the  development  of  electricity  by  contact  had  only  extended 
to  metals ;  Davy's  investigations  were  more  discursive,  involving  an  examination  of  the 
electrical  results  of  contact  between  various  other  bodies.  He  arrived  at  the  condusiaa 
that  a  dry  alkali,  or  alkaline  earth,  is  excited  positively  by  contact  with  a  metal,  and 
that  dry  acids,  after  having  been  brought  in  contact  with  a  metal,  are  negative.  He 
satisfied  himself,  moreover,  that  acids  and  alkalies,  in  their  dry  state,  mutually  excite 
each  other ;  the  former  assuming  a  negative,  the  latter  a  positive  condition.  Having 
satisfied  himself  on  these  points,  he  assumed  that  what  was  true  for  masses  was  true  for 
molecules ;  and  these  postulates  being  granted,  the  reason  why  certain  compound  bodies 
were  decomiK>sed  by  voltaic  power  was  thou^t  to  be  satisfeuitorily  explained. 

Supposing,  for  the  sake  of  discussion,  every  point  to  be  conceded  that  was  assumed 
•  **  Bakerian  Lecture,"  for  1826.        f  "  Ann.  de  Chim.  et  de  Fhys."  tome  S5, 86, 87,  88,  and  89. 
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by  Dayy,  great  difficulties  present  themselyes,  nevertheless,  when  the  theory  is  applied 
to  actual  phenomena.  It  should  follow,  if  the  theory  held  good,  that  the  affinity  of 
one  chemical  compound  for  another  must  be  less  than  the  affinity  of  elements  entering 
into  these  compounds  for  each  other.  Thus,  for  example,  sulphuric  acid  is  a  compound 
of  sulphur  and  oxygen;  potash,  a  compound  of  potassium  and  oxygen — oxygen  and 
sulphur,  oxygen  and  potassium  uniting  in  these  cases,  because  either  element  is  naturally 
in  an  electrical  condition,  opposed  to  that  of  the  other.  But  if  the  electrical  similitude 
inyoked  be  fully  borne  out,  the  two  electricities,  by  thus  combining,  should  haye 
mutvaUy  neutralized  each  other ;  whereas  the  potash  and  the  sulphuric  acid  manifest  a 
yiolent  tendency  to  unite  and  form  a  second  compound.  Supposing  the  last  objection 
to  be  remoyed,  there  is  yet  another.  If  the  components  of  a  substance  be  attracted 
towards  either  pole  of  a  battery,  they  ought,  according  to  every  electrical  analogy,  to 
stay  there.  Supposing,  for  example,  the  decomposition  of  water  to  be  that  under  con- 
sideration— hydrogen  we  know  is  liberated  at  the  negative,  oxygen  at  the  positive  pole. 
But  this  result  should  not  ensue  if  the  theory  of  Davy  were  correct.  The  hydrogen 
should  not  quit  the  negative^  nor  the  oxygen  the  positive  pole ;  but  this  is  contrary  to 
what  takes  place. 

.  But  the  theories  of  Davy  and  Yolta  are  based  on  a  petitio  prindpii  which  cannot 
be  unconditionally  granted;  against  which,  indeed,  there  is  a  preponderating  balance 
of  testimony— the  development  of  electricity  by  simple  metallic  contact.  Delarive 
attributes  the  phenomena  to  slight  oxidation,*  and  states  that  if  the  experiment  be 
performed  m  an  atmosphere  of  hydrogen  or  nitrogen,  no  electricity  is  developed. 
Professor  Pfafi^  of  Eiell,  cannot,  on  the  other  hand,  subscribe  to  this  statement ;  and 
Parrot,  of  St.  Petersburgh,  accepting  the  results,  attributes  them  to  friction,  f 

Struck  with  these  inconsistences  of  Davy's  theory.  Professor  Faraday  undertook  a 
lengthened  investigation  of  the  theory  of  chemico*chemical  agency,  and  arrived  at 
certain  results  which  we  may  now  investigate. 

The  first  question  which  this  philosopher  proposed  to  himself  for  determination 
was  this: — ^Whether  voltaic  decomposition  was  effected  in  consequence  of  polar 
attraction  from  without,  or  molecular  divergence  from  within.  To  which  question 
the  following  experiment  afforded  a  satisfactory  answer  for  one  special  case : — 

"  A  glass  basin,  four  inches  in  diameter,  [and  four  inches 
deep,  had  a  division  of  mica  (0)  fixed  across  the  upper  part, 
so  as  to  descend  one  inch  and  a  half  below  the  edge,  and  be 
perfectly  water-tight  at  the  sides ;  a  plate  of  platinum  (b) 
three  inches  wide  was  put  into  the  basin,  on  one  side  of  the 
division  a,  and  retained  there  by  a  glass  block  below,  so 
that  any  gas  produced  by  it  in  a  friture  stage  of  the  experi- 
ment should  not  ascend  beyond  the  mica,  and  cause  currents 
in  the  liquid  on  that  side.  A  strong  solution  of  sulphate  of 
magnesia  was  carefully  poured,  without  splashing,  into  the 
basin,  until  it  rose  a  little  above  the  lower  edge  of  the  mica 
division  (a),  great  care  being  taken  that  the  glass  or  mica 
on  the  unoccupied  or  e  side  of  the  division  in  the  figure 
should  not  be  moistened  by  agitation  of  the  solution  above 
the  level  to  which  it  rose.  A  thin  piece  of  dean  cork,  well 
wetted  in  distilled  water,  was  then  carefully  and  lightiy  placed  on  the  solution  at  the 
♦  "  Ann.  de  Chim.  et  de  Phys."  xzadz.,  p.  297.  +  «  Ann.  de  Chim.  et  de  Phys.,"  xM.,  p.  861. 
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e  side,  and  distilled  water  ponied  gently  on  to  it  until  a  stratmn,  the  eig^ith  of  an  inch 
in  thickness,  appeared  over  the  sulphate  of  magnesia ;  all  was  then  1^  for  a  few 
minutes,  that  any  solution  adhering  to  the  cork  might  sink  away  from  it,  or  be 
remoTed  by  the  water,  on  which  it  now  floated ;  and  then  more  distilled  water  was 
added  in  a  similar  manner,  until  it  rea(^d  nearly  to  the  top  of  the  glass.  In  this  way, 
the  solution  of  the  sulphate  occupied  the  lower  part  of  the  glass,  and  also  the  upper  on 
the  right-hand  side  of  the  mica ;  but  on  the  left-hand  side  of  the  division  a  stratum 
of  water  from  e  to  ^  one  inch  and  a  half  in  depth,  reposed  upon  it,  the  two  presenting, 
when  looked  through  horizontally,  a  comparatiYely  definite  pkne  of  oontaot.  A  second 
platinum  pole  («)  was  arranged  so  as  to  be  just  under  the  surface  of  the  water,  in  a 
position  nearly  horizontal,  a  little  inclination  being  given  to  it,  that  gas  evolved 
during  decomposition  might  escape.  The  part  immersed  was  three  inches  and  a  half 
long  by  one  inch  wide,  and  about  seven-eights  of  an  inch  of  water  intervened  between 
it  and  the  solution  of  sulphate  of  magnesia. 

The  latter  pole,  «,  was  now  connected  with  the  negative  end  of  a  voltaic  battery, 
of  forty  pairs  of  plates,  four  inches  square ;  whilst  the  former  pole,  6,  was  connected 
with  the  positive  end.  There  was  action  and  gas  evolved  at  both  poles ;  but  from  the 
intervention  of  pure  water,  the  decomposition  was  very  feeble  compared  to  what  the 
battery  would  have  effected  in  a  uniform  solution.  After  a  little  while  (less  than  a 
minute),  magnesia  also  appeared  at  the  negative  side :  it  did  not  make  U»  appearance  ai 
the  negative  metdUic  poU^  hd  in  the  water ;  at  the  plane  where  the  solution  and  the 
water  met* 

The  platinum  slip  e  being  in  contact  with  the  saline  solution,  and  the  slip  «  with 
water, — ^then,  supposing  the  theory  of  voltaic  decomposition  from  polar  attraction  to 
apply,  the  results  of  decomposition  (acid  and  magnesia)  in  this  experiment  should  be 
attracted  to  either  pole  or  slip  of  platinum.  This  view  was  not  borne  out  in  the  result, 
as  we  have  seen ;  but  sulphate  of  magnesia  suffering  decomposition  into  its  oomponents, 
the  latter  wwe  not  attracted  to  the  metallic  slips  or  poles,  but  were  deposited,  or  rather 
imparted^  at  the  surface  of  contact  between  the  water  and  the  saline  solution.  The 
experiment  just  detailed  is  at  variance  with  the  assumption  that  decon^osition  fckUows 
as  the  result  of  polar  influence  exercised  from  without :  it  rather  points  to  tho  existence 
of  some  molecular  disturbance  within  the  body  decomposed.  Further  experiments 
substantiating  the  view  thus  taken,  Faraday  suggested  the  propriety  of  abandoning  the 
words  attractive  poU^  together  with  its  necessary  concomitants,  and  the  introduction  of 
others  less  expressive  of  a  theory  proved  to  be  untenable.  Hitherto  the  term  pole 
having  been  used  as  synonymous  with  the  effective  end  of  the  voltaic  battery,  and  such 
effective  ends  having  been  metallic,  experimenters  lost  sight  of  the  fact  that,  however 
convenient  the  employment  of  metals  for  this  purpose  might  be  under  all  usual  circum- 
stances, nevertheless,  supposing  it  desired  to  test  a  principle,  fluids,  and  even  gases, 
might  be  made  the  effective  end ;  in  which  case,  they  would  be  analogous  in  function 
to  the  so-called  metallic  poles.  An  example  of  two  liquids  assimiing  this  function, 
imder  a  particular  disposition  of  parts,  is  suppHed  by  the  last  experiment ;  the  demon- 
stration, by  another  modification,  can  also  be  extended  to  gases. 

Bepudiating  the  idea  of  attraction  as  at  variance  with  his  experiments,  Faraday 

arrived  at  the  conclusion  that  the  acting  terminals  of  a  voltaic  battery,  whether 

metallic,  as  in  practice  is  usually  the  case,  or  fluid  or  gas,  are  not  to  be  considered  as 

localitiefl  of  attraction,  but  as  openings  or  doorways  through  which  the  electric  current 

*  "  Faruday's  Electrical  Besearchos/*  toI.  1.,  p.  140. 
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enters^  or  iasnes,  in  its  covcrse.  It  was,  therefore^  desirable  to  adopt  ttro  appellations 
significant  of  the  point  oi  efit  and  the  pomt  of  entrance  of  electricity.  The  former 
Fto&nor  Faraday  denominated  an$d9  (wa,  upwards;  ofios,  way — «'.  e.,  the  conrse 
pursued  by  the  rising  Bun),  the  latter  eat — or,  for  enphony,  cathode  (koeto,  downwards). 
Henoe  anode  may  be  regarded  as  synonymous  with  positive  poky  and  vice  vereA,  The 
adoption  of  these  terms  led  to  others.  It  was  clearly  improper  to  retain  terms  expres- 
sive of  attraetion  after  repudiating  the  attractire  influenoe ;  henoe  Professor  Faraday, 
instead  of  denominating  tiie  results  of  yoltaic  decomposition  electro-positiyes  and 
electKKnegatives,  termed  them  anions  and  eathumsy  terms  q^erely  expressing  the 
drcnmstance  of  their  ffoim^  to  the  anode  or  cathode.  Henoe,  in  general  terms,  anion 
and  tiectrth-mpative,  eatkien  and  eteetre^positive,  may  be  regarded  as  synonymous. 
FinaBy,  tiie  term  electn^ysis  was  introduced  as  expressive  of  Toltaio  decomposition ; 
and  all  compounds  amenable  to  such  decomposition  by  direct  influence  of  the  battery 
are  termed  electrolytes*  Between  liie  direct  and  indirect  decomposing  agency  of  the 
yoltaic  battery  it  is  necessary  to  make  a  distinction. 

From  a  consideration  of  -&6  modifications  effected  by  Faraday  on  the  theory  of 
electro-chemical  decompositions,  it  will  be  recognised  that  the  main  point  insisted  on 
by  this  philosopher  is  I3ie  existence  of  an  internal  diyellent  power  between  the  molecules 
of  eompoands  exposed  to  yoltaic  agency— a  diyellent  power  called  into  action  by  the 
yoltaic  nifluencoi  and  determining  a  separation  of  molecules  towards  either  electrode. 
ISow  this  is  just  what  takes  places  within  the  yoltaic  combination  itself*— indeed, 
perhaps  the  best  general  idea  that  can  be  given  of  the  doctrine  of  Professor  Faraday  is 
to  state  &at  he  regards  the  substance  undergoing  dectrolysis,  or  decomposition,  as  a 
poition  of  the  battery ;  whereas  aU  philosophers  anterior  to  him  regarded  them  as 
extraneous  to  the  battery. 

The  acceptance  of  Davy's  theory  leads  to  the  belief  that  the  facility  with  which  any 
compound  admits  of  yoltaic  decomposition  is  in  direct  ratio  to  the  weakness  of  com- 
bining force  between  the  elements  of  such  compound.  Faraday's  theory,  however, 
leads  to  the  direetly  opposite  conclusion.  According  to  it,  bodies  united  by  the  strongest 
affimties  should  be  most  readily  decomposed.  So  far  as  experiment  has  gone,  the  latter 
hypothesis  seems  home  out  Bodies  formed  of  a  binary  arrangement  of  atoms  may  be 
assumed  to  possess  the  maximum  of  chonical  stability ;  and,  accordingly,  Faraday 
discovers  protoxides,  protocfalmdes,  &c.,  to  be  true  electrolytes,-^but  extending  his 
investigations  to  compound  binary  arrangements,  such  as  metallic  salts,  tiie  latter  did 
not  seem  to  come  within  the  same  generalization.  However,  ftirther  experiment  will 
be  needed  to  settle  definitely  the  existence  or  non-existence  of  such  analogy. 

Chemical  Propor^onality  of  Toltaio  BocoBLpositioti.— The  view  taken 
of  voltaic  chemical  decomposition,  and  which  has  just  been  explained,  has  led  to  the 
important  discovery  that  there  exists  an  equivalent  proportionality  between  chemical 
results  and  voltaic"  energy.  For  example,  if  two  electrolytes  or  bodies  capable  of 
direct  decomposition  by  voltaic  energy  be  electrolysed  by  inclusion  within  the  circuit  of 
a  battery,  then  each  will  be  decomposed,  and  the  quantities  thus  decomposed  will  be 
represented  by  the  natural  atomic  weights  of  the  bodies.  Limiting  this  doctrine,  for 
the  sake  of  ready  comprehension,  to  one  specific  case — that  of  the  simultaneous  decom- 
position of  water  and  of  chloride  of  silver  fused— then  for  every  eight  parts  by  weight 
of  oxygen,  and  one  part  by  weight  of  hydrogein  liberated,  there  will  be  108  parts  by 
weight  of  silver,  and  35*45  of  chlorine ;  such  being  the  equivalent  or  combining  weights 
of  these  bodies. 
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Again,  if  the  same  current  be  transmitted  through  fo^  decomposing  ceUa — ^the  first 
of  which  contains  water,  the  second  chloride  of  silyer,  the  third  chloride  of  lead,  the 
fourth  chloride  of  tin,  all  fluid,  the  quantities  of  hydrogen  gas,  silyer,  lead,  and  tin 
precipitated  at  the  four  negatiye  poles,  are  to  each  other  as  1  :  108  :  10^*6  :  57*9 ; 
whilst  at  the  positive  poles,  oxygen  and  chlorine  are  separated  in  the  proportions  of 
8  :  36-4. 

Moreover,  inasmuch  as  the  doctrine  of  electrolysis,  in  contradistinction  to  that  of 
electro-voltaic  attraction,  refers  the  voltaic  decomposition  of  bodies  to  the  exercise  of 
forces  residing  within  themselves,  and,  as  a  consequence,  regards  them  as  constituting 
an  active  portion  of  the  voltaic  circuity  the  deduction  would  seem  to  follow  that  the 
total  amount  of  chemical  energy  of  one  kind— whether  a  formation  or  resolution- 
brought  into  operation  on  one  side  of  the  voltaic  battery,  should  be  equal  to  that  evolved 
on  the  other  side— understanding  by  the  term  sides  of  a  battery,  the  battery  itself, 
,  ordinarily  so  called,  and  the  substance  placed  within  its  circuit  for  the  purpose  of 
decomposition. 

Thus,  in  the  annexed  woodcut,  the  two  sides  of  a  voltaic  combination  may  be  said 

to  be,  firstly,  the  battery 
itself;  secondly,  the  water 
undergoing   decompositon ; 
and  it  is  found  that  the  total 
quantity  of  zinc  dissolved  in 
tiie  battery  proper  is  propor- 
tionate with  the  amount  of 
water  decomposed;  that  is 
to  say,  for  every  nine  parts, 
by  weight,  of  water  decom- 
l     posed,  Uberating  eight  parts 
of  oxygen  and  one  part  of 
hydrogen,  there  will  have  been  forty-six  parts  of  oxide  of  zinc  generated,  and  eighty-six 
parts  of  sulphate  of  zinc ;  such  being  the  relative  atomic  weights  of  these  substances. 
It  is  hardly  necessary  to  indicate  that, 'for  the  sake  of  precision,  the  battery  is  supposed 
to  have  zinc  for  its  dissolving  metal,  and  sulphuric  acid  for  its  dissolving  agent. 

The  application  of  this  doctrine  becomes  of  great  theoretical  importance  in  operations 
of  electro  deposition.  A  workman  desires,  for  instance,  to  throw  down,  on  a  copper  or 
other  surface,  a  certain  weight  of  gold  or 
silver ;  he  knows  when  this  has  been  accom- 
plished by  simply  measuring  the  amount 
of  water  decomposed  by  the  same  electric 
current.  For  accomplishing  determina- 
tions, an  instrument  called  the  voltameter 
is  employed.  It  is  merely  an  instrument 
conveniently  arranged  for  the  decomposi- 
tion of  water  by  voltaic  energy. 

The  accompanying  woodcut  represents 
a  voltameter  liberating  its  gases  into  a 
collecting  jar  placed  over  the  pneumatic 

trough;  a  ^  are  broad  platinum  electrodes,  communicating  respectively  with  either 
end  of  a  battery. 
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I  liaye  already  adverted  to  tlie  onrions  phenomena  of  transference  of  certain  bodies, 
under  the  influence  of  voltaic  energy,  through  other  bodies  with  which  they  ordinarily 
combine ;  but  a  fax  simpler  case  affords  abundant  matter  for  speculation. 

Reverting  to  the  ordinary  electrolysis  of  water,  we  find  that  employing  an  apparatus 
like  that  of  which  a  section  is  given  in  the  wood- 
cut, one  electrode  liberates  hydrogen,  the  other 
oxygen. 

Where  th^  at  one  exact  point,  does  the  de- 
composition of  each  atom  of  water  take  place  ?  The 
advocates  of  a  polar  theory  of  decomposition  reply 
to  this  question,  it  is  true ;  but  the  reply  involves 
a  still  greater  difficulty.  According  to  this  polar 
theory,  the  decomposition  must  ensue  at  the  ^attracting  poles ;  namely,  in  the  case  under 
consideration,  the  sheets  of  platinum ;  but,  inasmuch  as  one  pole  only  liberates  one  gas, 
the  difficulty  arises  of  accounting  for  the  transference  of  the  other  gas  in  an  invisible 
form  to  the  other  pole. 

Among  the  numerous  theories  framed  with  a  view  to  explain  this  difficulty,  that  of 
Grotthus  was  most  rational.  He  assumed  that  the  water  might  be  considered  as 
forming  a  line  of  continuous  binary  particles  between  the  two  poles— something  in  the 
manner  represented  by  Fig.  1 — ^that  decomposition  occurred  simultaneously  at  both 
of  the  line ;   but  that  the 


voltaic  action  was  not  maintained 
by  the  invisible  crossing  of  oxygen 
and  hydrogen.  He  explained  the 
result  more  simply  by  assuming 


FIg.l. 


that  the  original  disposition,  as  between  molecules  of  oxygen  and  hydrogen,  was  brought 
about  by  molecular  adjustment  within  the  sphere  of  their  own  chemical  attraction. 

OThen,  referring  to  Fig.  1,  it  will  be  seen  tiiat  if  we  take  away  the 
terminal  particle  of  hydrogen  from  the  left  hand,  and  the  terminal 
particle  of  oxygen  from  the  right  hand  of  the  series,  the  elements  of 
water  will  still  remain,  though  not  under  the  same  polar  arrangement 
as  before ;  in  order  to  restore  which,  the  particles  must  be  assumed  to 
Fig.  2.  turn  in  their  own  sphere  of  chemical  attraction,  either  to  the  right  or 

to  the  left,  as  indicated  in  Fig.  2,  when  the  original  polarity  would  be  assumed. 

Now  it  will  be  seen  that  this  theory  may  be  applied  •  to  all  cases  of  voltaic  decom- 
position. Given  the  condition  of  chemical  affinity  between  two  bodies,  such  as  oxygen 
for  hydrogen,  or  sulphuric  acid  for  potash,  &c.,  and  the  theory  of  molecular  adjustment 
is  rational ;  but  without  that  condition  the  theory  does  not  apply.  Hence,  the  trans- 
mission of  soda  through  sulphuric  acid,  or  sulphuric  acid  through  soda,  and  similar 
results  which  appeared  so  extraordinary  to  Davy,  because  of  the  strong  chemical 
affinity  existing  between  the  two,  should  take  place  according  to  the  theory  of 
Grotthus,  because  of  that  affinity,  and  should  not  be  capable  of  taking  place  without. 
Although  such  a  deduction  naturally  flows  from  the  theory  of  Grotthus,  yet  it  does  not 
seem  that  that  philosopher  perceived  them,  and  it  remained  for  Faraday  to  point  them 
out,  and  to  demonstrate  them  by  numerous  satisfactory  experiments;  one  of  which 
is  as  follows : — 

Two  solutions  having  been  prepared — one  of  sulphate  of  soda  in  water,  the  other  of 
sulphuric  acid  in  water^-and  the  strength  of  the  solutions  having  been  adjusted  in  such 
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a  nuumer  that  in  a  given  number  of  yolumet  of  sulphate  of  soda  there  should  be  con- 
tained the  same  amount  of  sulphurio  acid  as  in  an  equal  number  of  volumes  of  the 
aqueous  solution  of  that  add,  iLe  experiment  was  proceeded  with  as  follows : — 

Four  glass  cups  were  arranged;  seventeen  measures  of  the  free  sulphuric  acid 

were  put  into  each  of  the 
vessels  «  and  d,  and  seven- 
teen measures  of  the  solu.- 
ticm  of  sulphate  of  soda 
into  each  of  the  vessels 
A  and  B^  the  portions  be- 
ing as  equal  as  they  could 
be  made  in  quantity,  and 
cut  as  short  as  was  con- 
sistent with  their  peiforming  the  part  of  effectual  communication.  B  and  a  were 
connected  by  two  platinum  plates  or  poles,  soldered  to  the  extremities  oi  one  wire^ 
and  the  cups  a  and  B  were,  by  similar  platinum  plates,  connected  with  a  voltaic 
battery  of  forty  pairs  of  plates,  four  inches  square,  that  in  a  being  connected  with 
the  negative,  that  in  B  with  the  positive  p<de. 

The  battery,  which  was  not  powerfully  charged,  was  retained  in  communica- 
tion above  half  an  hour.  In  this  manner  it  was  certain  that  the  same  electric 
current  had  passed  through  a  b  and  A  B,  and  that  in  each  instance  the  same  quan- 
tity and  strength  of  acid  had  been  submitted  to  its  action;  but  in  one  case 
merely  dissolved  in  water,  and  in  the  other  dissolved  and  also  combined  with  an 

On  breaking  the  connexion  with  the  batteiy  the  portions  of  asbestos  were  lifted 
out,  and  the  drops  hanging  at  the  ends  were  aUowed  to  fitU  each  into  its  respective 
vessel  The  acids  in  a  and  b  were  then  first  compared,  for  which  purpose  two  evapo- 
rating dishes  were  balanced,  and  the  acid  from  «  pat  into  one,  and  that  from  b  into  the 
other ;  bui  as  one  was  a  little  heavier  than  the  other,  a  small  drop  was  transferred 
from  the  heavier  to  the  lighter,  and  the  two  rendered  equal  in  weight.  Being  neu- 
tralized by  the  addition  of  the  soda  solution  (a  solntion  of  known  and  definite  strength, 
each  measure  being  equivalent  to  a  measure  of  sulphuric  acid),  that  from  a,  or  the 
negative  vessel,  required  15  parts  of  the  soda  solution,  and  that  from  3,  or  the  positive 
vessel,  required  16 '3  parts.  That  the  sum  of  these  is  not  34  parts  is  principally  due  to 
the  acid  Removed  with  the  asbestos ;  but,  taking  the  mean  of  15*66  parts,  it  would 
appear  that  a  twenty-fourth  part  of  the  acid  originally  in  the  vessel  a,  had  passed 
through  the  iofluence  of  the  electric  current  from  aiob. 

In  comparing  the  difference  of  acid  in  A  and  B,  the  necessary  equality  of  weight 
was  considered  as  of  no  consequraice,  because  the  solution  was  at  first  neutral,  and 
would  not,  therefore,  affect  the  test  liquids,  and  all  the  evolved  acid  would  be  in  B, 
and  the  free  alkali  in  A.  The  solution  in  A  required  3*2  measures  of  the  prepared 
acid  to  neutralize  it,  and  the  solution  in  B  required  also  3*2  measures  of  the  soda 
solution  to  neutralize  it.  As  the  asbestos  must  have  removed  a  little  acid  and  alkali 
from  the  glasses,  these  quantities  are  by  so  much  too  small ;  and,  therefore,  it  would 
appear  that  about  a  tenth  of  the  acid  originally  in  the  vessel  A  had  been  transferred 
into  B  during  the  continuance  of  the  electric  action.* 

•  "Faraday's  Experimental  Besearclies  in  Electricity,*'  vol.  i.,  p.  151.3. 
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From  the  preceding  experiment  it  appears  that  more  acid  was  transferred  from  the 
saline  solution  than  from  the  aqueous  solution  of  acid,— a  result  at  yaiiance  with  the 
theory  of  mere  electrical  attraction.  Sulphuric  acid,  as  existing  in  sulphate  of  potash, 
could  not  have  escaped  before  a  certain  force— namely,  that  of  a£^ty — had  been 
overcome ;  whereas,  the  force  to  be  overcome  in  the  second  case  was  merely  the  aflfinity 
of  sulphuric  acid  for  water. 

^<  Some  of  the  most  beautiful  and  surprising  cases  of  electro-chemical  decomposition 
and  transfer,*'  Professor  Faraday  remarks,*  "  which  Sir  H.  Davy  described  in  his 
celebrated  paper,t  were  those  in  which  acids  were  passed  through  alkalies,  and 
alkalies  or  earths  through  acids ;  and  the  way  in  which  substances  having  the  most 
powerful  attraction  for  each  other  were  thus  prevented  from  combining,  or,  as  it  is  said, 
had  their  natural  affinities  destroyed  or  suspended  throughout  the  whole  of  the  circuit, 
excited  the  utmost  astonishment.  But  if  I  be  right  in  the  view  I  have  taken  of  the 
effects,  it  will  appear  that  that  which  made  the  wonder  is  in  fact  the  essmtial  condition 
of  transfer  and  decomposition." 

Theories  of  Toltaic  Action. — Although  some  of  these  theories  have  already 
been  casiiaUy  noticed,  yet  it  will  be  desirable  to  state  them  definitely,  in  dose  mutual 
apposition.  Dismissing  altogether  the  theory  of  Galvani,  who  referred  the  effects  of 
voltaic  energy  to  an  animal  origin,  and  considered  the  metals  used  only  in  the  sense  of 
conductors ;  dismissing  also  the  theory  of  Fabroni,  who  denied  electricity  to  be  the 
cause  of  the  pbenomena  noticed  by  Galvani— neither  of  whicb  can  be  denominated 
theories  of  voltaic  energy  properly  so  called — ^the  true  theories  of  this  agency  may  be 
classed  under  the  binary  division  of  those  which  refer  the  power  to  simple  contact  of 
metals  as  its  source,  and  those  which  refer  it  to  chemical  action. 

Yolta,  it  has  already  been  stated,  adopted  the  former  view,  ignoring  the  chemical 
results  of  voltaic  agency  altogether,  as  casualties.  This  view  of  the  case,  however,  was  so 
obviously  untenable  that  it  was  universally  abandoned.  A  modi^oation  of  the 
theory,  however,  was  adopted  by  Davy ;  and  indeed  its  adoption,  thus  modified,  is  a 
necessary  postulate  in  the  acceptance  of  Davy's  electro-chemical  theory.  Fully 
admittiB^,  with  Yolta,  metallic  contact  to  be  the  primary  source  of  electric  disturbance 
in  voltaic  arrangements,  Davy  believed  that  the  restoration  of  equilibrium  was  alone 
brought  about,  and  prolonged  agency  of  the  combination  effected,  by  subsequent 
chemical  decomposition.  The  theory  is  hence  so  intimately  associated  with  the  doctrine 
of  electro-chemical  decomposition,  and  has  been  discussed  so  fully  under  that  head,  that 
I  need  not  further  extend  these  remarks,  referring  the  reader  to  pp.  248-^250  for  all 
further  particulars  on  this  subject. 

WoUaston  adopted  a  different  view.  He  attributed  all  the  electricity  evolved  to 
chemical  action  as  its  source,  but  did  not  follow  this  theory  to  its  legitimate  conclusion. 
The  theory  of  WoUaston  is  now  almost  universe^y  accepted.  It  is  that  which  alone 
accords  with  the  doctrine  of  electrolyBis,  and  it  is,  moreover,  supported  by  the  almost 
insuperable  argument,  that  voltaic  combinationa  may  be  made  without  any  metaUie 
contact,  and  that,  in  all  the  most  powerful  voltaic  combinations,  no  such  direct  contact 
does  take  place ;  the  truth  of  which,  remark  will  be  evident  when  the  construction  of 
voltaic  arrangements  shall  be  described.  Slightly  anticipating  that  part  of  the  subject, 
the  following  experiment  of  Faraday  may  be  appropriately  cited  in  demonstration  of  the 
fact,  that  voltaic  action,  as  evinced  by  chemical  decomposition,  may  ensue  without 
metallic  contact 

•  "  Electrical  Keiearches/*  vol.  i.  t  «»Phy8.  Jour.,»'  1807,  p.  1. 
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If  a  pieoe  of  zinc  and  of  silver  be  placed  without  contact  im  a  veasd  of  dilute 
Bolphnrtc  add,  and  joined  by  means  of  a  irire,  a  simple  voltaic  anraa^ement  will  result. 

If  liie  wire  be  now  Bupposed  to  be  broken  in 

the  Bxiddle,  and  a  body  such,  as  E  inserted 

between  the  two  ends,  it  is  evident  that  a 

voltaic  current,  siq^rafiuig  one  to  tike  place, 

will  be  favourably  droiimstanced  for  passing 

through  B  and  decomposing  it,  if  capable 

of  deoompositk»i.     Now,  if  K  be  a  dise  of 

bibulous   paper,   filled  with   a  solution   of 

iodide  of  potassiom   and   starch,  and  laid 

for  oonvenieaoe  on  the  flattoied  platinum 

electrode  P,  as  represented  in  the  diagram,  whilst  its  uppersurfiEioe  is  touched  with  the 

platinum  wire  F',  decomposition  of  the  iodide  of  potasshim  ensues,  as  evidenced  by  the 

paper  immediately  turning  blue.    In  this  case  it  is  evident  there  was  no  metallic 

contact. 

Kevertheless,  there  are  not  wanting,  ei^ecially  among  continental  pbilogophexs, 
advocates  who  still  attribute  a  portion  of  the  electricity  evolved  from  active  voltaic 
combination  to  metallic  contact* 

The  advocates  of  metalHc  contact  as  being  partly  the  cause  of  v<^taic  energy,  not 
only  rdied  on  liie  experiments  relative  to  the  devdopment  of  electricity  by  metallic 
contact,  already  detailed,  but  on  the  phenomena  of  De  Luc's  electrical  column,  as  the 
instrument  is  termed.  It  consists  of  a  gkss  tube,  in  which  are  packed  some  thousand 
discs  of  paper,  covered  with  silver  on  one  side  and  rinc  on  the  other.  This  instru- 
ment gives  unequivocal  electric  indications  ;  and  it  was  argued  that  such  indications 
are  a  proof  that  the  electricity  is  developed  by  contact.  Except,  however,  the  zinc  be 
protected  from  oxidation,  the  inference  goes  for  nothing;  and  such  protection  is 
incompatible  with  the  conditions  of  the  instrument's  construction. 

]>iffexeiit  Forms  of  Voltaic  CombinatloiM. — The  first  compound  voltaic 
arrangement  ever  made  was  the  ^e ;  an  instrument  consisting  of  discs  of  copper  and 
zinc,  or  other  dissimilar  metals  intended  to  be  used,  soldered  toge- 
ther, a  piece  of  moistened  flannel  or  card  being  interposed  between 
each  pair.  To  this  form  of  aj^^aratus  the  objections  are  nuiiierous. 
Not  only  does  the  construction  of  such  an  arrangement  occupy  con- 
siderable time,  but  during  construction  there  is  also  excitation ;  f(x 
which  reason  the  power  of  the  lower  part  of  the  apparatus  is  con- 
siderably diminished  before  the  upper  part  comes  into  opeimtion. 
Moreover,  the  quantity  of  fluid  employed  is  limited :  firstly,  by  Ae 
power  of  the  flannel  discs  to  absorb ;  secondly,  by  the  downward 
pressure  of  tihe  superimposed  portions  of  the  apparatus.  The  effi- 
ciency of  the  instrument  is  still  fiirther  dimimshed  by  a  lateral  com- 
munication of  liquid  passing  from  plate  to  plate.  To  obviate  those 
disaidvantages,  Mr.  Cruickshank  formed  the  voltaic  or  galvanic  trough,  which,  may  be 
described  as  liie  voltaic  pile,  laid  horieontelly. 

Oruickshank's    instrument  was  fonned  by  joining  discs   of  the   two  metals 

»  On  this  subject  conBult  Dr.  Chr.  M.Potilsen's  inangnral  dissertation,  "Die  contact  theorie 
rertheidigt  gegen  Faraday's  abhandlung  uber  die  Quelle  der  Kraft  in  der  Yolta'schen  Saule." 
Heidelberg,  1845. 
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together,  and  inaertrng  each  oooc^oimd  ditc  within  a  trough,  at  ri^  angles  to  its  long 
axis,  and  wa^r-tight,  by  whi(^  means  the  trough  became  separated  by  the  eompound 
discs  into  many  eompartments,  each  oonresponding  to  the  disc  of  moistened  flamiel  in 
the  original  Toltaio  pile.  The  trough  its^  was  usually  made  of  wood,  cod  coated 
internally  with  a  layer  of  fused 


L  or  resin,  which  answered 
the  double  purpose  of  protect- 
ing the  wood  from  the  acid 
liquor  employed,  and  of  secur- 
ing the  metallic  discs  in  their  places,  without  permitting  lateral  oomnmnication  to 
ensue. 

The  next  foim  of  voltaic  battery  ad(^ted  the  principle  of  the  (htttomte  dtt  Tosses, 

and  consisted  of  two  parts, — namdy,  die  trough  or  acid  container,  and  the  mietallic 

combinations  for  4ipping  into  this  trough.     The  former  is  precisely  simlUr,  in  general 

appearance,  to  the  entire  apparatus  of  Cruickshank,  though  its  principle  is  entirely 

-.  different— 4he  transverse  diaphragms  not  being 

_i  j 1/     _  metallic  pairs,  but  of  the  same  material  as  the 

trough — and  this  was  usually  of  earthenware. 
The  appended  sectional  diagram  furnishes  an 
idesa  of  this  instnmient. 

Dr.  "WoUaston  it  was,  I  belierve,  who  next 
showed  that  the  power  of  a  voltaic  battery 
might  be  greatly  augmented  by  reduplicating 
the  copper  plate  in  the  manner  shown ;  hence 
arose  a  further  modification  of  the 
battery  :    and  from  this    idea    of 
Wollaston,  the  proposition  of  discarding  glass  or .  porcelain  cells   alto- 
gether, and  forming  the  oc^jper  part  of  a  battery  into  cdis,  was  an  easy 
transition. 

The  original  battery  of  Volta  thus  became  greatly  modified  in  form,  and 
each  modification  exhibited  an  obvious  improvement.     One  disadvantage, 
however,  remained :  the  power  of  the  arrangement  was  not  constant.    Professor  Daniell 
obviated  this  inconvenience  by  devising  his  constant  battery,  the  principles  of  which  I 
shall  now  explain. 

Starting  with  the  consideration  of  a  simple  voltaic  arrangement,  as  represented  in 
the  diagram,  where  a  eflip  of  zinc  is  connected  by  an  inter- 
mediate wire  to  a  slip  of  copper,  and  both  are  immersed  in  a 
vessel  of  dilute  sulphuric  acid,  experience  proves  that,  after 
the  lapse  of  a  certain  period,  the  apparatus  ceases  to  act :  the 
limit  to  its  action  being  partly  the  expenditure  of  acid,  partly 
a  deposition  of  zinc  upon  the  cop- 
per plate — this  resulting  from  a 
decomposition  of  oxide  of  zinc  by 
K  any  modification  of  arrangement  could  effect 


hydrogen. 

the  depositian  of  copper  upon  copper,  and  renew  a  supply 

of  sulphuric  acid,  the  result  should  be  a  constant  battery. 

Let  us  now  consider  what  the  probable  effect  would  be 
of  dividing  the  glass  vessel  into  two  halves,  by  an  interposed  layer  of  membrane,  a 


i 
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diaphragm  of  plaster  of  Paris,  or  other  conyenient  porous  hody  barely  admitting  of 
permeation ;  and  filling  the  copper  cell,  not  with  dilute  BQlphuric  acid,  as  before,  but 
with  sulphate  of  copper.  Under  these  new  conditions,  sulphate  of  copper  and  dilute 
acid  woiild  become  electrodes  mutually  to  each  other ;  and  the  oxide  of  zinc,  which, 
under  former  conditions,  would  haye  been  deposited  on  the  copper,  would  be  now 
deposited  at  the  plane  of  junction  of  the  dilute  acid  with  the  sulphate  of  copper  solution — 
t.  $.,  the  diaphragm.  Meantime,  the  electrical  influence,  passing  on,  would  penetrate 
the  sulphate  of  copper,  and  determine  a  deposition  of  copper  upon  copper ;  whilst  the 
sulphuric  acid  of  the  decomposed  sulphate  of  copper  permeating  the  membrane,  would 
pass  into  the  original  acid  diyision  of  the  apparatus,  and  compensate  for  that  which 
had  already  been  expended.  ^ 

Supposing  these  theoretical  indications  yerified  (as  they  are),  such  a  battery  would 
be  constant  so  long  as  fresh  sulphate  of  copper  was  supplied,  and  while  the  materials 
of  the  battery  lasted. 

The  rationale  of  such  a  battery  is  indicated  by  the  subjoined  diagram ;  and  its 
^constant  action  depends  upon  the  circumstance,  that  the  copper  plate  is  always 
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retained  bright — ^haying,  in  point  of  fact,  deposited  upon  its  surface  a  layer  of  the 
same  metal  from  the  decomposing  solution  of  sulphate  of  copper.  It  follows,  then, 
that  if  the  original  plate  of  copper  were  possessed  of  any  inequalities  of  surface,  the 
latter  would  be  faiiMuUy  represented  by  the  deposited  layer  of  metal.  In  point  of 
fact,  this  is  the  most  elementary  yiew  that  can  be  taken  of  the  theory  of  electro-depo- 
sition, the  simplest  process  of  effecting  which  consists  in  making  the  subject  to  be 
copied  an  element  of  a  simple  yoltaic  arrangement.  In  this  case,  howeyer,  the  subject 
to  be  copied  must  either  be  of  copper,  or  of  some  metal  possessing  a  similar  yoltaic 
energy  in  regard  to  zinc.  Otherwise  a  compound  yoltaic  arrangement  must  be 
employed,  furnished  with  wires ;  and  the  subject  to  be  copied  must  be  attached  to  that 
wire  which,  adopting  the  language  of  theory,  receiyes  theelectric  cuirent  (cathode),  and 
conducts  it  back  to  tiie  battery. 

These  theoretical  principles  haye  been  carried  out  in  the  constant  batteries  of 
Becquerel,  Daniell,  and  MulHns ;  the  arrangements  being  most  perfect  in  the  battery 
of  Daniell,  although  the  instruments  of  Becquerel  and  Mullins  possess  greater 
simplicity. 

Mullhis'  battery  consists  of  an  earthenware  trough,  D,  in  which  a  cylindrical  plate, 
B,  of  zinc,  nearly  equal  to  the  trough  in  diameter,  is  pliiced.   Within  the  zinc  cylinder  is 
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inclosed  one  of  copper,  A.  A  bladder  is  tied  round  the  upper  edge  of  the  copper  cylinder, 
C,  into  which  fluid  may  be  introduced  by  means  of  a  row  of 
apertures  in  the  rim.  The  bladder  is  now  filled  with  a  solution 
of  sulphate  of  copper,  and  coarsely  pounded  crystals  of  sul- 
phate of  copper  are  heaped  upon  the  copper  cylinder.  The 
trough  is  now  charged  with  sulphuric  acid,  which,  coming  in 
contact  with  the  zinc,  acts  upon  it  in  the  ordinary  way. 

Daniell's  constant  battery  is  constructed  upon  the  same 
general  principles ;  but  the  mechanical  arrangement  of  its  parts 
is  reyersed— the  copper  being  outside,  the  zinc  inside — ^by  which 
means  the  principle  first  noticed  by  Dr.  Wollaston  is  taken 

advantage  of;   namely,  that  the  copper  surface  of  a  battery  

should  be  greater  than  the  associated  zinc  surface. 

The  accompanying  diagram  represents  a  section  of  DanieU's  battery.  The  cell  is 
composed  of  a  copper  cylinder,  C  C,  towards  the  upper  part  of 
which  a  perforated  plate,  P,  is  situated,  upon  which,  as  a  plat- 
form, crystals  of  sulphate  of  copper  are  laid.  The  zinc  portion 
of  the  battery  is  a  solid  rod,  z,  supported  aboye  by  a  cross  piece 
of  wood,  and  separated  from  the  copper  cell  by  the  membrane  of 
a  bullock's  gullet. 

Hitherto  zinc  and  copper  have  been  exclusively  mentioned 

as  the  metals  of  which  yoltaic  arrangements  are  formed :  they 

are  not  theoretically  the  best,  howerer ;  and  in  the  construction 

of  aU  our  most  powerful  -voltaic  batteries  the  combination  is 

departed  from.   Theoretically  speaking,  the  battery  of  maximum 

power  should  consist  of  two   solids  and  a  fluid — one  solid 

possessing  the  maximum,  and  the  other  the  minimum  power  of  affinity  with  that  fluid. 

Hence,  supposing  the  fluid  to  possess  an  oxidizing  tendency,  the  best  theoretical 

materials  for  constructing  a  battery  should  be  potassium  and  platinum.    Potassium  is 

obviously  out  of  the  question ;  and,  on  examining  the  list  subjoined,  we  find  zinc 

to  be  the  most  oxidizable  metal  compatible  with  our  resources : — 

Platinum.  Copper.  Zinc. 

Gold.  Tin.  Sodium. 

Silver.  Lead.  Potassium. 

Mercury.  Iron. 

Platinum,  however,  is  not  out  of  the  question.  Although  expensive  at  first,  it  never 
wears  out,  and  is,  accordingly,  employed  in  more  than  one  form  of  powerful  voltaic 
battery.  The  battery  invented  by  Mr.  Qrore  is  of  this  kind ;  consisting  of  binary 
metallic  arrangements  of  zinc  and  platinum,  not  both  immersed  in  one  fluid.  Nitric 
acid  is  the  fluid  employed  for  contact  with  the  platinum — dilute  sulphuric  acid,  mixed 
with  nitric  acid,  for  contact  with  the  zinc ;  and  the  two  fluids  are  prevented  coming  in 
bodily  contact  by  the  intervention  of  a  porous  earthenware  cell,  into  which  the  nitric 
acid  is  poured,  tiie  cell  being  unmersed  within  the  dilute  sulphuric  acid. 

This  battery  is  exceedingly  powerful,  but  not  very  permanent ;  and  the  evolution 
of  nitrous  fumes  which  it  occasions  when  worked  for  any  considerable  length  of  time  is 
inconvenient ;  moreover,  the  fluid,  after  the  lapse  of  a  certain  period,  becomes  heated 
even  to  ebullition.    All  these  drawbacks  limit  the  utility  of  the  instrument ;  liut  for 
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^ffftiopmg  Tsst  flOAOiiAts  of  Toltsie  e^et/kxinty  in.  limited  time,  nut  6on  «  limiM 
space,  no  other  instniment  is  companble  witiL  it.  The  accompanying  diagram  pnacntB 
tike  teheme  of  ^decompoaitia&irhiok  ensues  within  this  battery  wfaen  broo^  ioto 
opexftti<Hi. 

In  an  Toiteie  batteries  of  whioh  eommeieial  sine  eonstitotea  a  part,  ft  eonaidenible 
amount  of  power  is  lost  by  tke  secondary  ciments  which  ars  set  up  on  tiie  toxhce  of 
the  zinc  itseii^  in  consequence  of  the  impatities  whioh  tine  commereial  metal  contains. 


If  pure  ziae  be  smployed,  these  secondary  currents  do  not  occur ;  but  pare  mne  eannot 
be  obtained  at  a  price  sufficiently  low  to  admit  of  its  being  em^oyed,  henee  aome 
expedient  had  to  be  devised  for  iacoreaaing  the  efi&ciency  of  common  zine.  This  can  be 
e&cted  by  amalgamation ',  aoo<Nrdin^y,  it  is  now  usual  to  amalgamate  aH  isriaees  of 
common  zinc  which  enter  into  the  oonstruetioD.  of  yoltaic  batteries. 

Amalgamation  of  sine  i^tes  is  readily  effected  by  rubbing  them^  after  being  scoured, 
with  a  solution  of  nitrate  of  mercury  in  nitric  acid.  Aa  soon  as  an  even  coating  of 
mercury  has  been  deposited,  the  plates  should  be  dipped  in  water,  to  remove  the 
adherent  acid,  and  then  placed  to  drain  off  the  moisture. 

Mr.  Smee  has  invented  a  battery  which,  though  not  so  powerful  as  the  one  just 
described,  has  perhaps  a  larger  sphere  of  application.  Instead  of  using  platinum  as  in 
the  above,  the  equivalent  is  silver,  on  which  a  superficial  coating  of  platinum  has  been 
deposited.  Bunsen  substitutes  carbon  cylinders  for  the  platinum  or  platinized  silver ; 
the  form  of  carbon  employed  being  that  which  results  from  strongly  igniting  a  mixture 
of  powdered  coke  and  sugar.  The  materials  are  formed  into  shape  by  means  of  an  iron 
mould,  and  afterwards  burned. 


IVUGNETIC  EFFECTS  OF  VOLTAIC  ELECTRICITY. 

ISlectro-Blagiietisxn.— At  a  very  early  period  in  the  history  of  electrical  science, 
the  opinion  prevailed  that  some  connection  subsisted  between  electricity  and  magnetism. 
Nor  is  it  difficult  to  xmderstand  the  reason  of  this  opinion.  Numerous  cases  are  on 
record  of  the  assumption  of  magnetic  properties  by  pieces  of  iron  and  steel,  originally 
fwm-magnetic,  after  having  been  struck  by  lightning.  Numerous,  however,  as  are  these 
instances,  the  results  themselves  were  capricious.  For  one  case  in  which  a  piece  of 
iron  or  steel  was  rendered  magnetic  by  a  flash  of  lightning,  several  occurred  under 
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dacaBOtlbmoeB  appftienH^'  nBoiar  ia -wilted  no  meh  consequence  fi)lk>wecL  AoeozdiBglyy 
tlie  opinion  at  lengft  began  to  piersil  noMigst  pliikNnphei%  tbat  the  eonneetimii 
betweea  Hgiitning  ftielBes.  and  m^gnetie  leailts  i&d  not  stead  in  &q  zakticn  of  caaue  to 
oflfect — ^kat  it  iras  a  cesodAeQcey  and  notbing  moce. 

At  tii».thiiey  -whea.  tit«eonditions  of  eleetro-nagoetifi  phenanens  ne  so  weE  sndear- 
stood,  it  exeites  no  ironder  that  the  eleetrical  experimests  deriasd  hy  philosophers  for 
settlings  the  question  led  tonegatlre  lesnhs.  A  TicionB  tbeotfy  fst  ^aioA  deotrieal  as  well 
as  iBagiie<ie  scienec^  and  paralyse^  the  pofrer  of  nurestigatioa.  TheaoeessBFy  fimetion 
of  daslity,  irhkh  the  beanti£Bl  Masoaiflg  of  Fanday  has  made  an  iofogral  portion  of 
eteotrical  and  magnetio  stzt^,  was  ihai  unknown.  Expezioteateis  bdieived  that  either 
northness  or  sonthness  in  a  magnet,  or  the  ccnditiQKL  of  posiliv«  or  nsgatiTcs,  as  xegaids 
electrifiitf,  BBght  be  eapaUe  each  of  an  indiTidBal  eztateneeL  Aetoated  by  this  doctrine 
they  eoDteated  theniseiTes  -with  biinging  saccesnvely  each  of  liie  tiitiirins,]  endsy  or,  m 
ooBTsntioiial  la&gna^,  '<  poles,"  of  a  ydtaio  oowbinatien  in  ck»e  prosimiity  with  either 
And  or  pole  of  a  nu^net  But  the  magaetio  extremities  reoBflined  pei&etly  indiferent 
under  tills  treatment.  The  nofrtfa-pole  was  wA  attraeted—^he  souih-pole  was  sot 
x«pelIed-*nor  tiee  ^trut.  Hence,  the  deduction  was  ariiTed  aA,  that  between  electricity 
and  magnetism  there  was  no  necessary  connection  wfaatener.  As  the  direct  consequence 
of  such  an  eocperiraent,  the  resnlt  conld  not  be  otherwise  than  we  find  it;  but  the 
wxMider  new  is  that  the  tme  conditions  of  electro-magnetio  deydapmcBt  should  not 
hare  been  disooi^ered  eollateraHy,  or  by  accident.  If,  instead  of  biinging  the  extremity 
of  each  terminal  wire  of  a  Toitatc  arrangement  saoeessiTBly  near  to  either  pole  of  a  freely- 
suspended  magnet,  the  two  coodncting  wives  of  the  Yoitaie  arrangement  had  been 
made  tempomrily  one,  by  contact,  and  the  fireely-saspended  magnetic  needle  held 
aomewhore  in  the  vicinity  of  their  track,  then  the  secret  reserved  £ar  the  genins  of 
Oersted  to  diKxyyor,  in  1819,  would  hare  been  antimpated  by  many  years. 

Notwithstanding  that  the  first  or  accidental  iostanoea  of  commnaioated  magnetism 
by  electrical  agency  were  the  results  of  atmospheric  deetricity,  which  latter  is  analo- 
gons  in  its  functions  to  frietional  electricity,  as  produced  by  the  machine,  almost  all  of 
the  eleetro-magnette  phenomena  capable  of  being  devidoped  artificially  require  the  aid 
of  Toltaic  electricity.  Howerer,  one  yery  simple,  and  at  the  same  time  instnietiTey 
experiment  of  this  kind  admits  of  being-performed  by  means  of  tibe  finctional  machine ; 
and  I  thinh  it  desbable  to  mentian  it  at  once,  inasmuch  as  it  SBryes  to  create  a  true 
notion  of  eleetro-^nagnetic  action  in  general.    The  experuneiLt  is  as  follows : — 

Haying  procured  some  copper  or  brass  wire,  wind  it  round  a  stick  or  ruler  in  such 
a  manner  that,  on  slipping  out  the  latter,  the 
wire  may  remain  in  the  form  of  a  heUx.    Kext 
take  a  sewing-needle,  cnyelop  it  in  paper  (an 
imperfect  conductor),  lay  the  needle,  prepared 

as  described,  in  the  helix,  and  transmit  through  the  whole  length  of  wire  oonstitntzng 
^e  latter,  the  charge  of  a  Leydm  jar.  On  now  removing  the  needle,  and  testing  each 
extremity  in  the  usual  manner  by  means  of  a  suspended  magnet,  tite  needle  will  be 
found  to  have  become  magnetic ;  indeed,  so  strongly  magnetic  m  it  usually,  that  by 
its  attraction  small  filaments  of  iron  may  be  raised. 

Now,  the  experiment  in  question  is  not  capricious.  Giyen  the  necessary  conditkme, 
and  the  result  is  always  the  same  :  hence,  eyen  without  an  appeal  to  yoltaic  combioa- 
tions,  by  means  of  which  alone  all  the  more  important  dectro-magnetic  experiments 
are  capable  of  being  performed,  the  electrical  influence  of  a  common  Leyden  jar  suilloes 
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to  proye,  contrary  to  the  opinion  of  some  electricians  before  the  time  of  Oersted's 
diflcoyery,  that  some  real  ccMinection  exists  between  electricity  and  magnetism. 

A  little  reflection  will  proye  that,  in  the  experiment  just  described,  the  magnetie 
polarity  has  been  deyeloped  at  right  angles  to  the  helical  axis  o^  the  copper  wire :  st 
right  angles,  in  other  words,  to  the  general  current  of  electricity  passing  through  the 
wire.  Now  this  is  univeraal— no  matter  how  yaried  or  how  complex  the  electro- 
magnetic arrangement  may  be-;  and  a  remembrance  of  the  fact  is  an  essential  point  in 
all  electro-magnetic  studieif.  The  proposition,  reduced  to  its  simplest  expression,  is 
this :  "  All  eketrie  currents  have  a  tendency  to  impart  magnetic  agency  to  all  ndghbcwring 
hodiee."  It  so  happens  that  iron  and  steel  are  easily  affected  by  this  influence ;  and 
hence  the  needle  is  conyerted  into  a  magnet. 

The  memorable  experiment  of  Professor  Oersted,  from  the  period  of  which  the  science 
of  electro-magnetism  dates  its  origin,  was  of  this  kind : — ^The  ends  of  a  yoltaic  battery 
haying  been  connected  by  means  of  a  terminal  wire,  so  that  the  current  of  electricity-^ 
to  use  the  language  of  theory — was  transmitted  from  one  end  to  the  other,  and  a 
fr«ely-suspended  magnetic  needle  haying  been  brought  near  to  this  wire,  the  needle 
became  affected  with  all  manner  of  irregular  moyements.  When  the  wire  was  placed 
aboye  the  magnet,  and  in  parallelism  with  it,  the  pole  corresponding  with  the  negatiye 
end  of  the  battery  always  moyed  westward.  When  the  wire  was  placed  under  the 
needle,  the  same  pole  inyariably  went  eastward.  When  the  wire  was  placed  on  the 
same  horizontal  plane  witii  the  needle,  the  magnet  tried  to  assume  a  yertical  moye- 
ment ;  the  pole  next  to  the  negatiye  side  of  the  battery  dipping  when  the  wire  was  to 
the  west  of  it,  rising  when  the  wire  was  placed  to  its  eas);  side. 

Doubtiess,  the  student  wiU  think  all  these  moyements  complex  and  irregular,  as, 
indeed,  did  M.  Oersted,  and  all  the  earlier  electro-magnetic  philosophers.  There  is  a 
yery  easy  means,  howeyer,  of  reducing  them  to  lucid  order.  It  is  as  follows : — Let  the 
theory  of  one  electric  fluid  be  adopted ;  let  us  agree  to  call  the  end  of  the  yoltaic 
arrangement  from  which  the  electric  current  sets  out  on  its  course,  positiye,  and  the 
other  end  negatiye :  next,  let  the  student  imagine  himself  to  be  an  electric  conductor, 
capable  of  transmitting  the  electric  current,  which  must  be  furthermore  assumed  to 
pass  from  the  direction  of  his  head  to  Ms  feet ;  then  supposing  him  to  hold  a  magnet 
in  his  hand,  directly  in  front,  and  the  north  pole  of  the  magnet 
pointed  towards  the  head— then,  all  these  conditions  being  complied 
with,  if  a  current  of  electricity  be  passed  in  the  direction  indicated, 
the  north  pole  of  the  magnet  will  point  to  the  rig^t  hand. 

Any  means  which  exist  for  impressing  directiye  notions,  so  appa- 
rentiy  complex  as  are  those  of  a  magnetic  needle  under  the  influence 
of  an  electric  current,  on  the  memory,  may  be  with  propriety  adopted, 
eyen  though  the  apparatus  of  illustration  should  be  a  toy.  I  would 
adyise  the  student,  therefore,  who  is  desirous  of  analyzing  the 
apparently  complex  motions  of  magnetic  needles  with  facility,  to 
prepare  a  toy  of  the  following  description :— Cut  the  representation 
of  a  soldier  out  of  cork  or  wood ;  arm  him  with  a  musket  and  bayonet. 
Assume  the  musket  and  bayonet  together  to  be  a  magnet,  of  which 
the  bayonet  is  the  north  pole.  Assuming,  furthermore,  that  a  current  of 
electricity  passes  through  the  soldier  in  the  direction  from  head  to  heels, 
then  the  bayonet  should  always  turn  to  the  right  hand.  If  the  student  will  take  the 
trouble  to  construct  the  original  arrangement  of  Professor  Oersted,  and  test  the  appa- 
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xently  anomalous  movements  noticed  by  that  philosopher,  he  will  find  them  all  to  be 
Btrictily  accoidant  with  the  directlTe  tendency  of  the  magnet,  as  illustrated  by  the  toy 
soldier.  It  is  to  be  remarked  that  in  both  Oersted's  experiment,  and  the  experiment  with 
the  sewing  needle  and  wire  helix,  the  magnetic  phenomena  are  the  result  of  electricity  in 
motion.  This  circumstance  is  universal;  static  electricity,  or  electricity  at  rest, 
produces  no  magnetic  effects  whatever.  Another  peculiar  characteristic  of  electro- 
magnetic phenomena  is  that  the  influence  takes  place  across  non-conducting  materials. 
The  influence  of  Oersted's  uniting  wire  takes  effect  through  plates  of  glass,  wood, 
metal,  and  the  resinous  plate  of  an  electrophorus. 

The  ChdTanometov. — ^It  has  been  said  that  the  tendency  of  an  electric  current 
is  to  cause  a  freely  suspended  magnetic  needle  in  its  vicinity  to  assume  a  position  of 
final  rest  at  right  angles  to  the  former.  The  exact  amount  of  deflection,  however,  is 
proportionate  to  the  strength  of  the  voltaic  battery.  Far  more  valuable,  however,  is 
the  indication  of  directive  tendency  which  a  magnetic  needle  discloses :  it  proclaims 
the  direction  in  which  the  electric  current  is  passing ;  or,  to  avoid  the  language  of 
theory,  it  shows  practically  the  direction  in  which  -{•  and  — -  electricity  are  respectively 
developed.  A  single  wire,  as  in  Oersted's  original 
experiments,  will  serve  to  indicate  this  ;  but  if  the 
wire  be  made  to  surround  the  needle,  the  effect  is 
still  more  marked.  An  instrument  of  this  kind  ,is 
represented  in  the  accompanying  diagram,  and  con- 
stitutes the  galvanometer  in  the  simplest  form  the 
instrument  can  assume. 

We  are  indebted  to  Schweigger  for  discovering 
a  means  of  enormously  increasing  the  delicacy  of 
this  instrument.  This  philosopher  proved  that  the 
amount  of  deflection  was  proportionate  to  the  total 
number  of  insulated  coils  of  which  the  rectangle  might 
be  formed ;  hence  the  most  sensitive  galvanometers  are  those  which  are  constructed  on 
this  principle.  I  have  hitherto  assumed  that  a  simple  magnetic  needle  has  been 
employed  in  the  experiments ;  but  reflection  will  manifest  that  such  a  needle  not  only 
responds  to  the  artiflcial  influence  determined  by  electricity,  but  to  the  primary 
influence  of  terrestrial  magnetism.  When,  therefore,  it  is  desired  to  render  the  gal- 
vanometer as  delicate  as  possible,  a  compound  magnetic  needle,  termed  attatiej  is 
empbyed.     A  compound  or  astatic  magnetic  needle  is  constituted  of  two  simple 

needles  of  equal  strength,  separated  slightiy  from 
^  j  ^^     each  other,  and  the  north  pole  of  one  exactly 

^     opposite  the  south]  pole  of  the  second,  as  it  is 
represented  in  the  accompanying  diagram. 

Such  a  combination  as  tiie  one  now  described  would  have  no  directive  tendency 
whatever  as  regards  the  earth's  magnetic  influence;  but  it  would  be  nevertheless 
amenable  to  the  influence  of  an  electric  current.  Practically,  however,  it  is  foimd 
desirable  to  have  one  of  the  magnets  a  little  stronger  than  the  other,  by  which  pro- 
vision it  retains  sufficient  directive  tendency  to  place  itself  north  and  south,  but  not 
enough  to  interfere  seriously  with  the  indications  of  the  electric  current. 

The  diagram  given  on  the  following  page  represents  a  galvanometer  in  its  most 
approved  form.  For  the  purpose  of  isolating  the  instrument  from  passing  currents, 
and  other  causes  of  interference,  it  is  protected  by  a  glass  shade ;  and  the  torsion 
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6i  a  silken  filament,  as  in  the  Untacn.  eleotroineter  aireadj  deaenbed,  is  empioyvd  as  a 
recrtrainisg  ioFoe. 


The  influence  of  a  wire  conducting  eleotricity  on  a  fnsAy  suspoided  joMgnst  is 
suggestive  of  the  idea  that  the  conduct(»r  itself  is,  widkk  in  action,  alaot  magnetio ;  and 
the  truth  of  this  assection  was  demonstrated  almost  at  tiie  same  time  by  Darrjr  and 
Arago.  So  strongly  magnetic,  indeed,  is  it  snsoeptible  of  becoamig,  tkai  its  pofwer  of 
lifting  iron  filings  is  considerable.  Moreoyer,  Tsrions  forms  of  apjMratns  admit  of 
being  constructed  to  illustrate  the  directive  tendanfj  of  sach  wire  magnets.  Of  this 
kind  are  the  following : — 

A  circular  copper  wire,  haying  its  extremities  passed  through  a  coik,  and  to  one 
extremity  soldered  a  small  plate  of  zinc ;  to  the 
other,  a  small  plate  of  copper.  The  anangsmest, 
as  will  be  seen,  constitutes  a  »mple  floating  voltaio 
combination.  It  can  readily  be  excited  by  floating 
it  in  dilute  sulphuric  acid,  and  will,  of  course,  be 
free  to  assume  any  directive  tendency.  On  causing 
either  p<de  of  a  magnet  to  approach  this  little 
apparatus  on  different  sides,  the  floating  combina- 
tion will  manifest  various  phenomena  of  attraction  and  repulsion,  all  expHeable  on  the 
principles  already  enimciated.  The  instrument  admits  of  being  rendered  still  more 
delicate  by  covering  the  wire  with  some  non-conducting  substance,  and  reduplicating 
the  number  of  turns  on  the  principle  of  the  improved  galvanometer.  Such  an  impvoved 
instrument  is  represented  on  the  following  page. 

The  magnetic  characters  of  wires  in  the  act  of  transmitting  electric  currents  may 
be  also  readily  demonstrated  by  means  of  forms  devised  by  Amp^e,  and  represented 
in  the  following  cut.  The  forms  of  apparatus  in  question  may  be  delicately  suspended 
or  converted  by  means  of  pieces  of  cork  and  metallic  plates  into  floating  arrange- 
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inents,  similar  in  principle  to  the  one  described  in  the  present  number.   Thus  arranged, 

the  flat  q)irals  will  always  arrange  themselves 

in  the  direction  of  north  and  south ;  one  definite 

side  of  the  coil  always  corresponding  to  one 

invariable  direction  of  the  electric  current. 

In  conformity  with  principles  ahready  enun-  i  j,  -^     y^ 

ciatedy  each  coil  of  the  flat  heHees  may  be 

regarded  as  a  separate  magnetic  pole ;  therefore 

it  w3I  readily  be  seen,  that  in  proportion 

as  the  number  of  coils  is  increased,  so  in  equal  measure  will  be  the  amount  of  directive 

t^dency. 

Mntital  Effects  of  Pajrallel  Zlectiie  CHunrents. — We  have  seen,  under  the 
head  of  electricity  considered  as  a  'staticr  force,  that  is  to  say  considered  as  at  rest, 
that  two  similariy  electrified  bodies  are  mutually  repulsive  of  each  other ;  it  now 
Remains  to  examine  the  mutual  influence  of  electrical  currents  on  conducting  bodies 
which  transmit  them.  The  simplest  case  is  that  of  parallel  electric  currents,  the 
result  of  passing  electricity  through  which,  in  the  same  direction,  is  mutual  attrac- 
tion. The  reason  of  this  wHI  be  seen  on  examination  of  the  following  simple  illus- 
tration, in  which  the  left  sides  of  the 

J&    wires  A  B  and  0  T)  respectively  assume 

a  north  magnetic  polarity,  and  the  cor- 

> 1^^ responding  right  sides  a  south  magnetic 

polarity.  The  left  and  right  handedness 
itre  obviously  determined  by  reference  io  the  direction  of  the  passing  electrical  current, 
indicated  in  the  diagram  above  by  the  arrows.  Now  it  is  accordant  with  one  of  the 
flrst  laws  of  magnetism  that  the  opposite  poles  of  any  two  magnets  should  be  mutually 
attractive ;  hence  the  two  wires  performing  the  ftmctions  above  represented  would 
approach  each  other. 

The  result  in  question  has  been  made  the  basis  of  a  philosophical  theory — ^the  theory 
of  muscular  contraction  of  MM.  Prevost  and  Dumas,  and  it  at  least  is  more  satisfactory 
thaU'  several  others  which  have  been  adduced  in  explanation  of  the  phenomenon. 
Certain  postulates  must  be  granted  before  the  electro-magnetic  theory  of  muscular  con- 
traction can  be  accepted.     Electricity  must  be 
assumed  as  identical  with  nervous  energy.    The 
ne^es  distributed  to  muscular  tissue  must  be 
assumed  to  diverge  in  parallel  lines  at  right  angles 
to  the  muscular  tissue.    Granted  the  above  pos- 
tulatea— granted  the  existence  of  an  arrangement 
of  nerves  and  muscular  filaments,  as  represented 
in  the  diagram  annexed — granting  the  transmis- 
sion of  electricity  as  shown  in  the  engraving,  it  is 
evident  that  the  muscular  tissue  should  contract. 
It  is  scarcely  necessary  to  indicate  the  fact, 
that  if  two  wires,  near  together,  parallel  to  each 
other,  and  free  to  move,  have  electricity  directed 

through  them  in  a  parallel  direction,  though  in  reverse  order— that  is  to  say,  if  one 
wire  be  made  to  transmit  a  current  of  electricity  from  right  to  left,  whilst  the  second 
is  made  to  transmit  it  in  the  direction  from  left  to  right— repulsion  will'  be  the  conse- 
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quence ;  neither  will  it  be  desirable  to  investigate  the  numerous  phenomena  which 
can  be  made  to  manifest  themselves,  under  the  circumstances  of  the  employment 
of  two  or  more  conducting  wires  near  to  each  other  on  various  aspects.  Suffice  it  to 
remark,  that  in  this,  as  in  every  other  instance  of  the  co-operation  of  numerous 
mechanical  forces,  the  effect  is  referable  to  a  mean  resultant  of  the  whole. 

We  have  hitherto  seen  an  electric  current  manifesting  different  magnetic  powers 
under  different  aspects.  When  first  remarked,  these  varying  influences  appear  very  com- 
plex. We  may  contrive,  by  means  of  a  memoria  teehnieay  to  systematise  them,  but  they 
admit  of  still  further  simplification.  Referring  to  the  experiment  described  at  page  263, 
it  will  be  seen  that  the  strongest  possible  similarity  subsists  between  a  spiral  wire,  con- 
ducting electricity,  and  a  magnet ;  therefore  an  idea  is  at  once  suggested  that  electro- 
magnetism  is  a  spiral,  or  rather  a  tangential  force.  This  view  of  the  subject  removes 
many  difficulties.  At  the  period  of  the  original  discovery  of  Oersted,  and  for  some  time 
subsequenUy,  the  idea  prevailed  that  a  force  at  one  time  attractive,  and  at  another  time 
repulsive,  acted  in  straight  lines  between  the  magnet  and  the  conducting  wire.  The 
opinion  soon  afterwards  began  to  gain  ground,  that  such  numerous  attractions  and 
repulsions,  ever  varying,  were  more  nearly  suggestive  of  rotation.  A  well-devised 
experiment  of  Professor  Faraday  soon  brought  the  opinion  to  the  test,  and  settied  the 
point  affirmatively.    The  experiment  was  as  follows : — 

A  glass  cup  had  its  bottom  perforated,  and  through  the  perforation  was  let  the  con- 
ducting wire,  d  C.    To  this  the  south  pole  of  a  magnetic  bar,  n  S, 
was  attached  by  means  of  a  piece  of  thread,  and  the  cup  being 
filled  with  mercury,  the  magnetic  bar  of  course  floated.     The 
conductor  a  b  was  now  caused  to  dip  into  the  mercury,  and  a 
current  of  electricity  transmitted  along  the  conductor  in  the  direc- 
tion of  the  arrow,  so  that  the  current  entered  at  a,  and  emerged 
at  d.    No  sooner  was  electrical  connection  established  than  the 
magnetic  bar  commenced  rotating  around  the  bar  a  b.    So  long  as 
the  electric  current  descended  in  accordance  with  the  diagram, 
the  north-pole  of  the  magnetic  bar  remaining  upwards,  the  latter 
rotated  round  the  wire  a  b,  passing  &om  east  to  south  exactiy  like 
the  movements  of  the  hands  of  a  watch ;  but, 
on  causing  the  electric  current  to  ascend, 
the  direction  of  the  magnet  was  changed. 
Faraday's  next  experiment  was  made  for  the  purpose  of  de- 
monstrating that  a  conductor  would  rotate  around  a  magnet.    A 
magnet,  the  north-pole  of  which,  ti,  is  represented  uppermost  in 
the  diagram,  was  placed  upright  in  a  cup  full  of  mercury,  and 
in  communication  with  the  conducting  wire  d,  running  through 
the  bottom  of  the  vessel.    The  moveable  conductor  a  b  was  then 
caused  to  dip  into  the  mercury,  and  an  electric  current  being 
passed,  it  was  found  that  the  moveable  conductor  rotated  around 
the  magnet  in  the  direction  of  left  to  right,  or  right  to  left, 
according  as  the  electrical  current  was  caused  to  pass  upwards 
or  downwards  in  the  series. 

By  means  of  these  and  similar  experiments,  it  is  demonstrated  that  a  magnet  is  in- 
clined to  rotate  in  a  plane  perpendicular  to  the  electric  current  which  influences  it ; 
and  this  result  is  most  simply  explained  by   assuming  the   operation  of  a  foice 
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acting  upon  the  pole  at  every  point  of  its  course  tangentially  to  the  circle  in  wliich  it 
moyes. 

By  using  a  delicate  apparatus,  the  magnetic  pole  of  the  earth  may  be  made  to  put 
the  wire  in  motion.  The  rotation  then  takes  place  around  a  line  parallel  to  the 
dipping  needle ;  hence  the  rotatory  wire  must  always  be  inclined,  so  that  the  solid  it 
describes  in  reyolying,  if  a  cone  and  not  a  mere  circle,  should  include  a  line  parallel  to 
the  dip  which  passes  through  its  apex. 

Another  ingenious  contrivance  for  illustrating  the  rotatory  motion  of  the  wire 
round  the  pole  of  a  magnet,  has  been  invented  by  M.  Ampere,  and  has  the  advantage 
of  comprising  within  itself  the  voltaic 
combination  which  is  employed.  It 
consists  of  a  cylinder  of  copper  about 
two  inches  high,  and  an  inch  and 
three-quarters  internal  diameter,  hav- 
ing within  a  smaller  cylinder  about 
one  inch  in  diameter. 

The  two  cylinders  are  fixed  toge- 
ther by  the  larger  having  a  hole  cut 
in  its  centre  from  below,  the  size  of 
the  smaller  cylinder,  leaving  a  circular 
cell,  which  may  be  filled  with  acid. 
A  piece  of  strong  copper  wire  is  fas- 
tened across  the  top  of  the  inner  cylin- 
der, and  from  the  middle  of  it  rises, 
at  a  right  angle,  a  piece  of  copper 
wire,  supporting  a  very  small  metal 
cup,  containing  a  few  globules  of 
mercury.  A  cylinder  of  zinc,  open 
at  each  end,  and  about  one  and  a-half 
inch  in  diameter,  completes  the  voltaic 

combination.  To  the  latter  cylinder  a  wire,  bent  like  an  inverted  17,  is  soldered  at  opposite 
sides ;  and  in  the  bend  of  this  wire  a  metallic' point  is  fixed  which,  when  fitted  in  the 
little  cup  of  mercury,  suspends  the  zinc  cylinder  in  the  cell,  and  allows  a  free  circular 
motion.  An  addition  to  this  apparatus  was  suggested  by  Mr.  Barlow,  and  constructed  by 
Hr.  Newman,  who  fixed  an  additional  point,  directed  downward  from  the  central  part 
of  the  stronger  wire,  which  point  is  adapted  to  a  small  hole  at  the  top  of  a  bar  magnet. 
"When  the  apparatus  with  one  point  only  is  charged  with  diluted  acid,  and  brought 
into  communication  with  the  end  of  the  magnet,  placed  vertically,  the  zinc  cylinder 
revolves  in  a  direction  determined  by  the  magnetic  pole  which  is  uppermost.  With 
two  points  the  copper  revolves  in  one  direction,  the  zinc  in  a  contrary  one.  The 
magnet  employed  in  the  experiment  requires  to  be  powerful. 

Ampeie's  Themry  of  Magnetism. — ^The  general  similarity  of  properties  sub- 
sisting between  a  spiral  conductor  in  the  act  of  giving  passage  to  electricity,  and  a 
magnet,  led  to  a  peculiar  theory  of  magnetism,  by  M.  Ampere.  He  assumes  that  the 
polarity  of  magnets  is  referable  to  the  circulation  within  them  of  electric  currents 
continually  traversing  the  molecules  of  which  they  are  composed,  in  planes  parallel  to 
their  axes.  Similarly  he  imagines  the  existence  of  electric  currents  in  the  earth ;  but 
more  particularly  on  its  surface,  in  the  direction  of  east  to  west,  in  planes  parallel  to 
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tiie  magnetic  equator.  A  cause  of  the  existence  of  soch  euirentt  he  supposes  to  be  the 
heating  influence  of  the  sun's  rays;  for  it  should  be 
mentioEked,  in  anticipation  oi  the  sobject  of  thermo- 
electricitv,  that  heat  is  one  great  cause  of  electrical  ex- 
citation. 

Acting  upon  the  suggefltions  of  Anxpdie's  theory,—- 
that  magnets  are  connecting  bodies  through  irhich  elec- 
tricity passes  in  a  spiral  direetian, — eleetricity  has  been 
appHed  to  die  formation  of  temporary  magnets  of  enormous 
power.  For  the  purpose  of  making  these  etroog  magnets, 
bars,  either  straight  or  bent  in  tike  form  of  a  horse-idboe,  of 
soft  iron  are  used,— a  material  which  assomes  the  mMgnetio 
influence  much  more  readily  than  slieel ;  but  nst,  like  tibe 
latter,  giving  rise  to  permanent  magnets. 
Fig.  A  represents  an  instrument  of  this  kind.  To 
avoid  complexity  of  illustration,  the  wire  (insulated)  is 
represented  as  consisting  of  a  sii^le  layer :  the  power  of 
the  instrument,  howevei',  is  greatly  increased  by  laying 
layer  over  layer  on  the  insulated  wire ;  the  two  series  of 
wii«*ends  being  collected  each  into  one  metallic  oombina- 
tion,  as  represented  in  the  diagram. 

Magneto-Electric  Pheainnena. — After  Redirect 
relation   subsisting   between   electricity  and  magnetiyraa  Fig.  A. 

had  been  experimentally  demonstrated,  it  occurred  to  various  phjlosophers  to  imagind 
that  an  inverse  order  of  mutual  dependence  might  possibly  be  made  apparent ;  that^ 
as  magnetism  had  been  developed  by  electricity,  so,  conversely,  electricity  might  be 
developed  from  magnetism.  Now,  a  metallic  wire,  made  to  serre  as  a  voltaic  con* 
ductor,  is,  as  we  have  already  demonstrated,  a  magnet  whilst  the  current  is  passing; 
therefore  several  of  the  phenomena  comprehended  under  the  head  mapneto^eUeirtc  admit 
of  two  forms  of  expression,  the  meaning  remaining  unaltered.  The  resulting  elee^ 
tricity  may  be  said  to  be  induced  by  the  influence  of  another  eunent  of  electricity^  or  it 
may  be  said  to  be  induced  hj  a  magnet. 

For  the  first  development  of  magneto-eieetricity  we  are  indebted  to  Mr.  Faraday, 
who,  r^ecting  on  the  ^ects  of  induction  as  caused  by  electricity  at  rest,  was  led  to 
examine  whether  induction  might  not  also  result  from  electricity  in  motion.  One  of 
his  flrst  experiments,  p^:£:H^ed  with  the  object  of  determining  this  question,  was  of  the 
following  kind* :— A  copper  wire  203  feet  Icmg  was  formed  into  a  helix  by  winding  it 
round  a  wooden  roller ;  a  second  helix,  equal  in  length  to  the  first,  was  also  formed  on 
the  same  roller,  in  such  a  manner  that  the  threads  of  each  helix  were  mutually  inters 
poaed.  The  wires  of  both,  however,  being  insulated,  there  was  no  metallic  contact  between 
the  two.  The  ends  of  one  of  these  helices  being  traced  in  eommunioation  with  a  voltaic 
battery,  and  the  ends  of  the  other  in  connecticm  with  a  galvanometer,  a  voltaic  current 
was  passed.  Immediately  the  current  began  to  flow,  the  magnetic  needle  of  the  galva^ 
nometer  was  deflected,  and  the  deflection  was  repeated  as  soon  as  the  contact  was  broken. 
Between  the  two  periods  in  question,  however,  the  galvanometer  was  not  influenced* 
A  repetition  of  this  experiment  demonstrated  ihe  fact  that  an  electric  current,  trans- 
mitted from  a  voUaio  battery  through  a  wire  helix,  only  induces  a  current  in  the 
•«'Phil.Trai».,»l8«l. 
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associated  helix  at  the  momeBts  of  maMiig  aad  breaking  oontaei.  la  the  former  case, 
the  directioa  of  1^  iDdiiced  cun«nt  is  «^oaed  to  die  one  which  indooes  it ;  in  the 
latter  case,  it  is  the  same. 

One  of  the  next  ezperiments  performed  in  this  line  of  iUustratioa  was  the  following  :^ 
A  ring  of  boH  iron  waa  taken,  and  enveloped  in  two  ^iral  copper  wires,  as  r^resented 
in  the  diagram^  each  wire  being  insulated.  Of  these 
spirals,  the  emda  of  oiKe  (a  i)  were  arranged  for  attach- 
ment with  a  voltaic  oomhination ;  whilst  the  ends  of 
the  other  spiral  (c  d)  were  placed  conveniently  for 
attachment  with  a  galvanometer.  A  voltaic  current 
being  now  caused  to  circulate  through  the  spiral  a  b, 
the  galvanometer-needle  was  immediatdy  deflected. 
When  bolh  helices  were  in  the  same  side  of  the  ring, 
the  amount  of  defleclaon  was  still  greater. 

A  more  convemeni  fonn  of  experiment  consisted 
in  winding  the  two  h^ces  on  a  cylinder  of  pasteboard,  and  connecting  their  ends 
respectively  with  a  voltaic  battery  and  a  galvanometer,  as  before.    On  osti^ilifihi^g  a 
Voltak  current,  Ihe  galvanometer  was  again 
strongly  delected.    On  breaking  the  contact 
there  was  a  similar  result ;  the  existenee  of 
the  electric  current  being,  in  either  case, 
rendered  evident  by  interruptingihe  metalHc 
circuit  through  the  wire,  when  a  spark  was 
se^i  in  (he  intexrapted  space.    At  the  pre. 
sent  time  these  magneto-electric  machines 
are  v^y  common ;  the  electric  cument  being 
generated  not  by  alternately  making  and 
breaking  contact  wiUi  a  magnet,  but  by 
causing  an  armature  or  keeper,  furnished 

with  an  insulated  helix,  to  revolve  very  near  to  the  poles  of  a  horse-shoe  ma^et.  The 
arrangement  in  question  is  delineated  in  the  accompanying  diagram.  , 

Dla^Kagnetic  Phenoaaeiuu — ^The  tendency  of  iron  to  be  attracted  by  a  magnet 
long  seemed  to  be  an  exclusive  property  to  which  no  other  body  could  lay  claim  :  at 
length  the  metal  nic^l  was  admitted  to  participate  in  this  quality,  though  to  a  lesser 
degree;  and  philosophers  began  to  suspect  that  other  bodies  might  be  similarly 
endowod.  To  demonstrate  the  existeooe  of  this  quality,  however,  was  by  no  means 
easy,  ifst  the  argumenft  of  the  existence  of  iron  as  an  impurity  might  be  adduced,  and, 
considering  Ihe  great  extent  to  which  this  metal  is  diffused,  not  without  plausibility. 

The  merit  of  proving  the  metal  niokei  to  be  similarly  endowed  wi'ii  iron  as  a 
magnetic  agent  is  referable  to  M.  Biot.  Thai  philosophy  demonskated  not  only  the 
ci^ability  of  this  metal  to  be  magnetically  attracted,  but  the  existence  of  a  real 
magnetic  polarity ;  and  furthermore  disoovoped  the  ratio  of  that  polarity  by  comparison 
wit^  an  ordinary  mkgnetio  needle  of  steeL  He  found  the  directive  force  of  the  needle 
of  nidcel  to  be  about  one-third  that  of  the  needle  of  steeL  These  needles  were  eadi 
eight  inches  long,  and  two-tenths  of  an  inch  wide.  Each  weighed  aboi^  £ve  grains. 
In  ord^  to  avoid  all  disturbance  from  the  presence  of  iron«  the  nickel  of  which  the 
needle  was  made  had  been  carefuUy  prepared  by  M.  Thenard. 

Thus  the  idea  long  entertained  by  f^osophess,  tiiat  iron  was  the  only  metal  susr 
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ceptible  pf  magnetic  influences,  was  rendered  untenable.  The  experiments  of  M. 
Cavallo,  wbicli  soon  followed  those  of  M.  Biot,  increaBed  the  list  of  ordinarily  magnetic 
substances  by  adding  to  them  brass  (especially  brass  rendered  liard  by  hammering} ; 
and  also,  under  certain  conditions,  rhodium,  iridium,  and  antimony. 

The  term  ordinarily  magnetic,  employed  above,  requires  a  word  of  explanation.  We 
shall  see  hereafter  that  although  the  property  of  being  magnetically 
influenced  is  one  common  perhaps  to  all  bodies,  nevertheless  the  kind 
of  influence  differs.  A  suspended  bar  or  needle  of  iron  is  attracted 
to  either  pole  of  a  magnet  indifferently ;  and,  as  a  consequence  of 
this  property,  if  placed  between  the  two  polar  ends  of  a  horse-shoe 
magnet,  such  a  bar  will  dispose  of  itself  axially,  to  use  the  recog- 
nised term ;  that  is  to  say,  will  place  itself  longitudinally  between 
the  two  poles,  as  represented  by  the  accompanying  diagram. 

Such  is  the  normal  condition  of  an  iron  or  steel  needle  placed 
imder  the  conditions  described;  and  the  result  may  be  assumed 
as  the  type  of  ordinary  magnetic  influences.  But  if  we  should 
And  hereafter— as  will  be  the  case— that  certain  bodies  exist  which  if  suspended 
similarly  between  the  poles  of  a  horse-shoe  magnet,  or  in  the  magnetic  fleld, — to 
use  the  language  of  philosophy, — are  not  indifferent  to  the  polar  influences  of  that 
field,  but  nevertiieless  do  not  place  themselves  in  a  similar  position  to  a  needle  of  iron 
or  steel — ^then,  although  we  must  recognise  the  existence  of  a  magnetic  influence,  some 
name  must  be  devised  to  distinguish  it  from  the  phenomena  of  ordinary  magnetism. 
Accordingly,  where  it  was  formerly  the  custom  to  divide  bodies  into  magnetic  and 
non-magnetic,  fhey  are  now  divided  into  magnetic  and  efta-magnetic :  all  bodies 
which  demean  themselves  under  magnetic  influences  like  iron  or  steel  being  distin- 
guished by  the  former,  and  all  others  by  the  latter  appellation.  Magnetic  bodies, 
when  freely  suspended  between  the  poles  of  a  magnet,  assume  an  axial  condition  of  rest, 
— ^in  other  words,  they  place  themselves  lengthwise  between  the  two  poles.  Dia- 
magnetic  bodies,  similarly  suspended,  assimie  the  equatorial  condition  of  rest— -in  other 
words,  they  place  their  length  at  right  angles  to  the  line  joining  the  two  magnetic 
poles. 

Now  that  the  imiversal  susceptibility  of  ponderable  bodies  to  magnetic  influences  is 
so  incontrovertibly  demonstrated,  it  may  seem  remarkable  that  the  discovery  was  not 
made  before ;  but  the  investigation  was  beset  with  many  impediments.  The  earlier 
experimenters  in  this  direction  were  embarrassed  by  doubts  lest  the  materials  em- 
ployed might  not  contain  iron ;  chemical  science  not  being  adequate  to  guarantee  the 
total  absence  of  that  metal.  Moreover,  until  the  science  of  electro-magnetism  had 
been  established  on  a  firm  basis,  and  the  power  of  readily  creating  energetic  magnets 
made  known,  the  number  of  experimenters  having  facilities  for  conducting  the  neces- 
sary investigations  was  comparatively  small.  Amongst  the  first  who  doubted  the 
truth  of  the  conventional  division  of  bodies  into  magnetic  and  non-magnetic  was 
Coulombe,  who  so  early  as  1802  began  to  investigate  the  results  of  suspending  needles 
of  various  substances  in  the  magnetic  field.  He  arrived,  however,  at  a  false  conclusion. 
Admitting  the  imiversal  influence  of  magnetism  on  needles  thus  suspended,  he  fmcied 
that  influence  to  be  of  the  same  kind  as  is  manifested  on  an  ordinary  iron  needle.  It 
is  needless  to  indicate  that  his  opinion,  if  borne  out,  would  have  been  incompatible 
with  the  philosophy  of  dia-magnetism. 

The  experiments  of  Coulombe  were  followed  up,  and  varied  by  the  Abbe  Hauy, 
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without,  however,  leading  to  any  positive  conclugions.  Subsequently  the  same  line 
of  investigation  was  entered  on  by  Becquerel,  who  made  the  important  discovery  that 
needles  of  white  wood  and  of  gum-lac,  when  suspended  in  the  magnetic  field,  assumed 
the  equatorial  condition  of  rest.  This  may  be  considered,  then,  as  the  first  beginning 
of  the  science  of  dia-maffMiism,  The  investigation,  however,  of  dia-magnetic  relations 
has  been  followed  up  with  the  greatest  ardour  and  success  by  Professor  Faraday,  to 
whom  we  are  indebted  for  so  many  contributions  to  our  knowledge  of  the  forces 
which  actuate  matter. 

To  expatiate  further  on  the  phenomena  of  magnetism  and  dia-magnetism  would 
lead  me  too  far  from  the  domains  of  chemistry  to  be  consistent  with  the  object  of  this 
treatise.  Suffice  it  to  remark,  that  on  submitting  bars  of  various  substances  to  the 
influence  of  the  magnetic  field,  iron,  nickel,  and  cobalt,  all  point  axially ;  probably 
titanium,  platinum,  and  palladium  are  in  the  same  category ;  but  all  the  other  metals, 
antimony,  bismuth,  copper,  gold,  &c.,  place  themselves  at  right  angles  to  the  lines  of 
magnetic  force ;  they  are  repelled  by  either  magnetic  pole,  and  finally  assume  an 
equatorial  condition  of  rest ;  in  other  words,  they  are  dia-magnetic. 

Underneath  is  a  tabular  view  of  bodies  arranged  according  to  their  relations  to 
magnetic  force. 


Maoi«etxc  Bodies. 

Dia-Maonetic  Bodim. 

Iron             Cerium 

Bismuth 

Cadmium    Silver 

Uranium 

Nickel          Titanium 

Antimony 

Sodium       Copper 

Rhodium 

Cobalt           Palladium 

Zinc 

Mercury      Gold 

Iridium 

Manganese   Platinum 

Tin 

Lead           Arsenic 

Tungsten 

Chromium    Osmium 

It  may  be  as  well,  before  finally  dismissing  the  subject  of  magnetism,  to  remark, 
that  it  is  often  a  point  of  some  importance  in  chemical  investigations  to  determine 
whether  a  mineral  be  endowed  with  the  power  of  magnetic  attraction  and  repulsion. 

This  is  usually  effected  by  bringing  it 
near  to  one  of  the  poles  of  a  freely  sus- 
pended magnetic  needle  to  be  examined. 
Far  more  delicate  in  its  results,  however, 
is  the  plan  suggested  by  Professor  "Wheat- 
stone,  which  is  as  follows  : — ^Take  a  some- 
what powerful  bar  magnet,  fix  it  upright 
(it  matters  not  which  pole  is  uppermost) ; 
then  lay  flat  upon  it  a  thin  disc  of  writing 
paper.  Next  take  adelicate  sewing-needle, 
break  off  its  eye,  and  place  it  point  down- 
ward vertically  upon  the  disc  of  writing 
paper.  Probably  the  needle  may  at  first  take  a  slanting  direction,  but  a  point  may  usually 
be  discovered  upon  which  the  needle  will  stand  upright.   By  gradually  lifting  the  disc  of 
paper  upward  it  becomes  evident  that  the  magnetic  force  operating  upon  the  needle,  and 
tending  to  restrain  it  in  the  vertical  position,  will  become  less  and  less,  until  at  length 
a  distance  is  attained,  at  which  the  needle  is  so  delicately  poised  that  it  responds  by 
defiection  from  side  to  side  to  the  slightest  magnetic  influence. 

Electricity  as  a  MotiTC  Pc¥ce.— At  periods  very  early  in  the  history  of 
electrical  science,  the  expectation  was  indulged  that  it  might  be  susceptible  of  practical 
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application  fw  «  meohanioal  force ;  nor,  considoriBg  €bA  vltun^ta  xeUtion  betwim  Hie 
mj^bsdom  a^^t  and  tho  ditferent  fomui  of  ponderaUe  matter,  did  tiie  opinion  seem 
uaiMaanable*  The  very  earliest  electrical  experiments— those  inTolving  fridional 
eleetrieity-— only  manifest  the  phenomena  of  attraction  and  repukum  between  material 
pajrtioles  according  to  fixed  laws,  and  at  the  operator's  wilL  Nov  tiiese  conditions  are 
what  the  meohanician  would  desire  as  the  necessary  elements  in  the  generation  of  a 

.  meohamcal  Ibrce.  Giyen  the  practical  conditionf  of  attrasiion  and  repuUion  at  the 
operator's  will,  the  only  remaining  desiderata  would  be  a  sufficiency  of  foioe  and  a 
degree  of  economy  compatible  with  the  necessities  of  working  expenses.  UnlbirtDnately, 
the  force  of  eleotrie  attraction  and  repulsion  is  deficient  in  both  these  requisites.  Its' 
power  is  not  only  inconsiderable,  but  the  expense  of  generatiof^  that  power  would  be  too 
great  for  practical  economy. 
.  The  next  idea  relatiye  to  the  employment  of  electricity  as  a  meohanioal  Ibroe  dates 
ffom  the  period  when  Oavendiah,  by  the  synthetical  experiment  of  igniting  oxygen  and 
hydrogen,  proved  that  water  resulted  from  that  combination.  The  suggestion  was 
made  of  confining  a  mlxtore  of  oxygen  and  hydrogen,  in  the  proportion  of  one  Tolnme 
of  the  former  and  two  of  the  latter,  in  a  cylinder,  equivalent  in  function  to  the  eteam- 

.  engine  cylinder,  and  igniting  the  mixture  by  agency  of  the  electric  spark,  The^treob^ 
mcnt  in  question  is  immediately  suggested  by  the  instrument  termed  Cavendish's 
eudiometer ;  and  one  reason  why  the  result  could  not  answer  the  purpose  intended  will 
be  made  evident  from  a  consideration  of  the  structure  of  that  instrument.    Cavendish's 

.  eudiometer  is  made  on  the  principle  of  withstanding  the  exercise  of  great  internal  force ; 
for,  in  point  of  fact,  although  the  combination  of  oxygen  and  hydrogen,  in  the  propor- 
tions necessary  to  form  water,  finally  results  in  contraction'-^tending  towards  the 
formation  of  a  vacuum — nevertheless,  there  is  a  preliminary  instant  at  which  the  force 
exercised  is  in  the  reverse  direction — ^in  other  words,  frcfm  within  outwards.    Hence  any 

.  mechanical  contrivance  constructed  with  the  object  of  utilising  the  Ultimate  coUapse- 
resiilting  from  the  union  of  oxygen  and  hydrogen,  must  be  prepared  for  receiving  the 
preliminary  outward  shock.  Now,  to  accomplish  this  would  be  difficult,  even  supposing 
the  economy  of  generating  and  uniting  the  gases  required  to  be  compatible  with  working 
conditions ;  which  it  is  not. 

Far  more  promising,  at  firat  sight,  appears  the  employment  of  magnffto-eleotrio  or 
electro-magnetic  force;  and,  indeed,  these  forces  have  been  applied  to  two  good 
meohanical  purposes  at  least — namely,  to  the  construction  of  the  ciee<aie  telegraph 
and  the  electric  clock.  These,  however,  are  quite  exceptional  cases ;  the  mechanical 
force  required  for  these  purposes  is  only  that  necessary  to  generate  a  certain  directive 
tendency,  no  further  motive  power  being  required. 

Understanding  the  term  mechanical  force  in  its  ordinary  signification — ^that  is,  any- 
thing equal  in  power  to  the  force  of  steam — every  attempt  to  generate  it  by  means  of 
dectro-magnetic  and  magneto-electric  combinations  has  failed.  This  result  is  contrary 
to  what  might  have  been  expected.  The  attractive  and  repulsive  force  of  magnets,  artifi- 
cially called  into  existence  by  means  of  voltaic  combination,  is  enormous ;  the  voltaic 
currents  necessary  for  generating  these  magnets  are  but  small ;  the  expense  oi  gene- 
rating these  currents  insignificant;  and  the  chemical  products  collaterally  occurring 
during  the  voltaio  action  required,  find  a  ready  market.  But  one  great  difficulty  besets 
the  employment  of  these  magnets,  as  mechanical  agents ;  it  is  this : — the  attractive  and 
repulsive  polarities  diminish  in  some  undetermined  but  rapid  ratio,  in  proportion  as 
the  mass  to  be  attracted  or  repelled  is  separated  from  the  magnetic  poles.    This  is  a 
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^i^EMtfejr  iBlioronl  tQ  tiia  prmoipl^,  and  i%  geomB  inpompatibld  vitb  tlxe  suoisessful 
empkifmEini  of  magneto-e^trie,  or  eleotro^magaetio  Urce^  to  any  piactioaJl  e;i;texit, 

TfcttmtTBIfCotHoity.-^  It  h«g  already  l»eea  phowD  tbat  heat  is,  nader  oor- 
taim  if  sot  un<kr  aU,  cireamatances,  a  gei^^ator  of  eleetrlclty.  For  i)i^  most  part, 
tjia  olecilrieify  tims  de^lopad  is  logt  to  oyr  appreoiation ;  but  by  eo^loyiiLg  aaitable 
aHiftratiui  Urn  oloptrioity  ^(veloped  by  heat  may  be  caused  to  flow  ia  a  de^t^ 
Qhaostel,  tad  to  prodooe  ifeUnoaailcod  ^feets.  The  siudy  of  tbdse  effeotg  oonatitute? 
tbe  j^rai^ob  of  soiextoe  termed  thermo-eketrioity.  The  electrical  effects  developed  in  this 
vQ$sx9^  a^  not  90  ppirerAil  nor  eo  brilliant  ae  those  resulting  from  voltaic^  ^tional 
obtotrioi^ ;  but  they  are  eigcee^ingly  interestijigi  especially  in  relation  to  a  means  of 
ei^iSL^ting  minute  degrees  of  temperature.  It  is  probable  that  the  function  of  thermos 
electrioity  belongs  to  all  oonduotors  of  he^t ;  but  it  is  only  under  conditions  of  good 
eondiiotion  (hat  tbe  property  becomes  readily  manifested, — ^in  other  words,  ibermo* 
ebe^  cowbi^lttioDS  in^ve  the  employment  of  metals  in  their  construction. 

Jif  a  wire,  equal  in  ^e  throughout,  and  of  any  metal  whatever,  be  forme4  vaifi  a 
lingy  Hind  heat  applied  to  one  part  of  the  circumference,  not  the  slightest  tendenoy  to 
941  ele^ric  cujn^t  will  be  manifested.  But  if  the  wire  be  unequal  in  si^e,  or^  what  in 
l^rftcti^  apiountd  to  the  same,  if  ,a  knot  be  tied  in  a  wire  of  equal  size  throughout^ 
then  a  current  of  electricity  will  be  established,  from  the  part  to  which  heat  is  applied 
to  the  locality  of  the  knot.  Such,  then,  i&  the  simplest  construction  of  which  (^ 
thermo-electric  generator  admits.. 

The  thermo-electric  disturbance  and  current  are,  however,  most  powerfully  gene- 
rated when  two  metals  are  used  instead  of  one, — 
the  OMiduoting  power  of  both  the  metals  for  heat 
being  di^Barent.  The  most  convenient  form  of 
combination  results  from  the  junction  of  the  two 
diasifllMhuf .  metals  at  an  angle  similarly  to  the 
letter  V ;  and,  pprhaps,  the  best  metals  that  can 
be  employed  in  this  case  are  bismuth  foid  antir 
ipony*  If  boat  be  applied  to  the  apex  of  junction, 
a  ourrent  of  electricity  will  become  estabMshcd 

in  the  direction  from  the  point  of  junction  towards  the  extremity  of  the  metal 
which  \a  the  worse  conductor  for  heat^that  is  to  say,  in  the  case  under  consideration, 
to  the  antimony. 

ibrperimento  performed  with  the  object  of  determining  the  relation  in  which  certain 
laetaiB  rHand.to  each  other,  in  a  thermo-electric  sense,  have  led  to  the  arrangement  of 
the  following  series  :— 

(  Bismuth  Tin  Zinc 

Platinum  Copper  Iron 

Xead  Silver  Antimony 

Fi*08i  1%  exaiaination  of  which  wp  remark  that  the  most  powerful  l^bflrmo-electsic 
oombiaation  will  result  from  the  combination  of  bismuth  with  antimony.  Howover, 
oven  by  the  ooinbination  of  these  ej^tremes,  the  total  amount  of  electricity  generated  is 
too  incopisiderable  to  produce  great  effects  ;  and  to  demonstrate  the  most  interesting 
func^iena  of  thern^felectricity,  compound  arrangements  of  metallic  pairs  must  be  om- 
ployed.  The  method  of  forming  these  compound  metallic  arrangements  will  readily 
suggest  itself;  nothing  more  being  required  than  to  join,  by  soldering,  several  of  the 
Y-ahaped  simple  combinations  together,  as  represented  m  the  diagram  above. 
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In  this  diagram  the  letters  a  and  h  stand  for  antimony  and  bismnth  respectiyely, 
plates  of  whicli  are  seen  to  l)e  joined  alternately  at  their  ends,  so  that  every  alternate 
soldering  it  in  the  same  plane*  The  extremities  of  the  terminal  planes  axe  furnished 
each  wiUi  a  wire,  for  the  purpose  of  transmitting  the  generated  electricity  in  any  direc- 
tion. The  apparatus  is  electrically  excited  by  the  application  of  heat  to  one  series  of 
apices,  whOst  the  other  series  are  kept  as  cool  as  possible.  It  will  be  evident,  on  consi- 
deration, that  the  Y-shaped  combination  is  not  a  necessary  condition  to  the  existence  of 
the  instrument ;  indeed,  the  above-mentioned  form  is  somewhat  inconvenient,  but  at 
the  same  time  it  is  very  explanatory  of  its  functions ;  therefore  the  subject  of  thermo- 
electricity is  most  profitably  studied  by  commencing  with  its  description.  The  idea  of 
these  compound  thermo-electric  combinations  originated  with  NobUi,  and  it  has  been 
taken  advantage  of  by  MeUoni  in  the  construction  of  his  exceedingly  ;,delicate  ther- 
mometer. The  idea  of  constructing  a  thermo-electric  battery— as  one  of  these  compound 
arrangements  may  be  termed — may  have  been  suggested  by  the  construction  of  a  com- 
pound voltaic  arrangement,  to  which  it  presents  a  certain  similarity.  In  the  functions 
of  the  two,  however,  there  is  this  remarkable  difference^by  increasing  the  number  of 
pairs  in  a  voltaic  battery,  the  intensity  of  the  resulting  electricity  is  alone  increased; 
whereas,  in  a  compoimd  thermo-electric  combination^  both  quantity  and  intensity  are 
proportional  to   the   number   of   pairs  ^ 

employed  in  the  series.     The  thermo-     ^ r — *     _-JM^w_     A — V ^ 

multipUer  of  Nobili  consists  of  about     [)  m^    )      )  iSP-S)^    (  I      I    "*     ) 

fifty  pairs  of  antimony  and  bismuth  bars,     \L — /     7   ^g/       IM    \/     /  J 

joined  together  by  the  alternate  ends, 

and  protected  from  immediate  contact  elsewhere  by  means  of  some  non-conduoting 
material.  To  each  end  is  attached  a  wire,  which  is  represented  by  e  e,  passing  tiirough 
an  ivory  collar. 

The  instrument  is  completed  by  inclosing  it  in  two  metallic  sheaths,  m  m,  blackened 
internally  and  at  the  extremities,  but  polished  and  bright  elsewhere.  Thus  finished, 
we  obtain  a  means  of  absorbing  radiant  heat,  and  communicating  it  to  one  series  of 
soldered  junctures,  a  consequence  of  which  is  the  development  of  an  electric  current, 
which  may  be  made  to  communicate  its  influence  through  the  terminal  wires,  e  e.  These 
wires  being  placed  in  communication  with  a  galvanometer,  the  magnetic  needle  of  the 

latter  is  deflected  proportionately  with 
the  amount  of  electricity  set  in  motion, 
and  therefore  proportionately  with  the 
quantity  of  heat  absorbed.  By  means 
of  tlus  delicate  instrument,  changes  of 
temperature  amounting  to  no  more 
^^^^^^  ^^  TiAm^  P^  o^  A  degree  of 
j  Fahrenheit's  scale  are  easily  recognisa- 

ble. The  accompanying  illustration 
represents  the  apparatus  of  MeUoni, 
being  a  combination  of  Nobili's  arrange- 
ment with  the  galvanometer,  as  em-, 
ployed  for  the  purpose  of  ascertaining  the  transmissibility  of  heat  (diathermaniety) 
of  various  laminse. 

Although  I  have  mentioned  the  common  galvanometer  to  be  employed  in  connection 
with  the  thermo-electric  bundle,  yet,  strictiy  speaking,  this  is  not  so.   The  wires  are  larger 


Digiti 


zed  by  Google 


THERMO-ELECTRICITY. 


277 


than  those  of  the  ordinary  galyanometer,  and  the  length  of  wire  or  circuit  is  not  so 
long  as  in  the  ordinary  form  of  that  instrument.  This  modification  is  rendered  neces- 
sary hy  the  yery  weak  tension  or  power  of  overcoming  ohstacles  possessed  by  thermo- 
electricity. The  difference  between  tension  and^  quantity  as  applied  to  electricity  I 
have  already  explained  at  page  210  of  this  treatise. 

An  interesting  correUtion  between  heat  and  electricity  is  manifested  by  passing  an 
electric  current  through  a  thermo-electric  combination,  whether  simple  or  compounded. 
Under  these  circumstances,  assuming  the  apparatus  to  have  been  of  one  temperature 
throughout  at  the  commencement  of  the  operation,  the  surfaces  of  junction-  become 
hot,  thus  proving  that  the  same  instrument  which  liberates  electricity  on  the  applica- 
tion of  heat  will  liberate  heat  on  the  application  of  electricity.  If  a  source  of  cold  be 
applied  to  the  extremity  of  the  apparatus  at  which  the  electricity  would  have  escaped, 
supposing  the  application  of  heat  to  have  been  made  at  the  soldered  junctions,  then  the 
latter  portions  of  the  instrument  become  greatly  reduced  in  temperature— -so  greatly 
indeed,  that  if  a  little  hole  be  bored  into  the  substance  of  the  metal  and  filled  with  a 
drop  of  water,  the  latter  becomes  speedily  firozen. 

A  consideration  of  the  laws  of  thermo-electricity  led  to  some  most  interesting  con- 
clusions. For  example  :  it  presented  ujs  with  a  probable  explanation  of  the  cause  of 
terrestrial  magnetic  direction.  That  a  freely  suspended  magnet  should  tend  to  place 
itself  in  a  line  from  north  to  south  was  long  a  mystery  so  remote  from  the  conceptions 
of  philosophers,  that  no  hope  was  entertained  of  arriying  at  its  solution.  At  present 
we  have  a  plausible  explanation  of  the  phenomenon.  It  has  already  been  demonstrated 
that  a  suspended  magnetic  needle,  free  to  moye  in  any  direction,  places  itself  at  right 
angles  to  a  neighbouring  electric  current :  hence,  in  order  to  explain  the  directiye 
tendency  of  a  magnet  from  north  to  south,  it  is  only  necessary  to  assume  the  existence 
of  an  electric  current  at  right  angles  to  it.  Kow  the  earth  is  warmed  by  the  sun's 
rays-in  the  direction  of  east  to  west,  and  a  consequence  of  this  heating  must  necessarily 
be  the  generation  of  an  electric  current  in  the  same  direction.  A  consideration  of 
the  relations  subsisting  between  electric  currents  and  magnetic  force  will  show  that 
our  globe  should  be  magnetic  in  a  line  at  right-angles  to  the  ecliptic.  In  point  of  fact, 
it  is  yery  nearly  so ;  and,  probably,  would  exactly  coincide  with  that  line,  were  there  no 
secondary  electric  agencies  in  operation.  This  explanation  is  in  accordance  with 
Ampere's  theory  of  magnetism  ;  for  the  purpose  of  illustrating  which  Mr.  Barlow  has 
constructed  an  apparatus  representing  the  supposed  magnetic  condition  of  our  globe  in 
miniature.  His  apparatus  consists  of  a  hollow  sphere  of  wood,  in  which  electrical  cuirents 
are  made  to  circulate,  similarly  to  the  presumed  direction  of  those  in  otir  own  globe. 
By  placing  an  astatic  needle  on  yarious  parts  of  the  surface  of  the  apparatus  in  question, 
it  was  found  that  all  the  phenomena  of  terrestrial  magnetism  were  closely  imitated. 
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TfiE  CHEMISTEY  OF  INOEGANIC  BODIES. 

To  one  who-  is  but .  slightly  acquainted  with  physical  and  chemical  philosophy  the 
tenn  "inorganic"  will  require  no  explanation.  It  will  associate  itself  with  a  series 
of  bodies  and  phenomena  standing  well  apart  from  all  others  by  virtue  of  character- 
istics rather  appreciated  than  capable  of  definition.  To  aver  that  inorganic  bodies 
ftre  those  which  are  not  endowed  with  parts  capable  of  sustaining  the  f\mctions  of  life, 
and  that  organic  bodies  are  the  opposite,  is  to  rush  at  once  upon  the  great  difficulty. 
The  question,  What  is  life.?  forthwith  presents  itself  for  response,  and  the  terms  of  this 
reeponae  have  never  yet  been  agreed  upon. 

Notwithstanding  this  theoretical  indistinctness  of  characteristics^  by  fer  the  larger 
portion  of  the  bodies  termed  inorganic  suggest  no  difficulty  whatever  in  respect  of  the 
binary  classification.  It  is  only  when  we  arrive  at  the  more  abstruse  examples  of 
combination  that  a  question  .exists.  The  elementary  bodies,  whether  non-metallic  or 
metallic,  are  necessarily  removed  beyond  the  limits  of  doubt.  A  similar  remark  applies 
to  all  th^  binary  combinations.  Entering  upon  the  domain  of  ternary,  quaternary, 
and  stiU  more  complex  unions,  doubts  begin  to  arise  whether  the  result  should  be 
considered  inorganic  or  organic  /—doubts,  however,  which  rather  belong  to  metaphysics 
than  to  physics,  inasmuch  as  they  are  dependent  on  the  relationship  which  may  be 
deemed  proper  to  subsist  between  certain  qualities  and  certain  definitions. 

It  seems  to  be  an  immutable  law  of  nature  that  the  boundaries  which  man  sets  ttp 
between  different  sciences,  and  different  branches  of  the  same  science,  shall  be  swept 
away  by  the  progress  of  discovery.     The  time  was  when  the  expressions  chemical  and 
mechanical  philosophy  were  considered  to   belong   io  two  departments  of  science  \ 
essentially  different  from  each  other ;  yet,  since  the  molecular  constitution  of  matter  ; 
has  been  brought  within  the  chemist's  scope,  that  opinion  has  been  necegsaiily  abaii-  ; 
doned.    Again,  in  chemical  science,  acknowledged  as  such,  the  time  was  when  bodies  '. 
were  divided,  without  doubt  or  question,  into  the  three  primary  classes  of  Mineral, 
Animal,  and  Vegetable.    As  the  tide  of  investigation  rolled  on,  philosc^hers  discovered 
that  they  were  not  in  possession  of  any  certain  sign  indicative  Of  the  limits  between 
vegetable  and  animal  life,  when  at  once  fell  to  the  ground  the  triple  classification  of  ' 
bodies,  and  the  binary  classification  of  inorganic  and  organic  toc&  its  place.    Hils  ■ 
latter,  we  have  seen,  is  not  free  from  doubts  and  objections ;  but  "We  must  retain  it  for  ,  j 
want  of  a  better. 

Elementary  fiodies.r— Chemists  arc  acquainted  with  64  elementary  or  simple 
bodies ;  that  is  to  say,  bodies  which  have  never  yet  been  decomposed.  The  appended 
table  represents  their  names,  their  conventional  symbols,  and  their  atomic  weights  :— 


Aluminium 
Antimony 
Arsenio  . 
Barium  . 
Bismuth 
Boron 
Bromine 
Cadmium 


Al.  137  Calcium Ca.  20 

Sb.  (Stibium)  12-9  Carbon C.  6 

As.  75  .  -Cerium Ce.  47 

Ba.  68-0  Chlorine      ....  CI.  35 

Bi.  213  Chrome Cr.  267 

B.  10-9  Cobalt Co.  29-5 

Br.  80  Copper Cu.  317 

Cd.  5Q  Didymium  .     .    .     .  D. 
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Pelopium PI. 

Phosphorus      ....  P.  32 

Platinum Pt.  98*7 

Potassiunl K.  (Kalium)  39-2 

Rhodiuin R.  52-2 

Ruthenium Rt.  622 

Selenium Se.  39-5 

Silicon Si.  21-3 

Silver Ag.  108-1 

Sodium !N'a.(N"atrium)  23 

Strontium Sr.  43*8 

Sulphur S.  16 

Tantakum Ta.  184 

TeUnrium Te.  64-2 

Terhium Tr. 

Thorium Th.  .50*5 

Tia    .,**..    .  Sn.(Staiinum)59 

Titanium Ti.  25 

Tungsten,  or  Scheelium  W.  (Wolfram)  95 

Umnium U.  60 

Vanadium Va.  68*6 

Yttrium  ......  Y.  32-2 

Zino Zn.  32*6 

Zirooninm    .....  Zr.  22-4 

Classification  of  the  Simple  ox  Elementary  Bodies. — ^Yarious  schemes  of 
classification  have  been  proposed  or  adopted  by  different  authors  for  the  classification  of 
the  simple  bodies.  Davy,  Ampdre,  and  Bertelius  adopted  tho  classification  of  electro- 
positive and  electro-negative,  modified  t>y  Faraday,  for  reasons  already  explained,  into 
the  classification  of  anions  and  cathions.  Other  chemists  have  divided  elementary  bodies 
into  combustibles  and  supporters  of  combusstion.  Professor  Graham  separates  ttiem  into 
groups  dependent  on  a  general  analogy  of  pfop6rties,  "and  more  especially  on  their 
isomorphous  replacement  of  one  another.  To  the  electro  ^chemical  divisions  the  objec- 
tion may  be  urged  that  they  are  either  founded  upon  hypotheses,  or  that  they  are 
practically  incomplete.  The  classification  of  comlnistLbles  and  supporters  is  open  to  the 
graver  objection,  that  in  the  act  of  combustion  neithei:  of  the  bodies  mutually  operating 
on  the  otJier  can,  in  the  strict  acceptation  of  pliilosoplby,  be  said  to  be  exclusively 
mq>po(rtBr  oc  exotiuir^y  combustible.  As  ooneems  the  ptiueiples  of  classifieation  chosen 
by  PDQfeasor  QaalkKU^  it  seenM  open  to  no  objection  on  the  ground  of  phHosophic 
sppoflitenesa,  but)  practkaliy  consideted,  it  i«  not  the  inoftt  ooayenient. 

The  diTiflion  which  i  abaU  ponme  in  this  treatiee  it  the  one  into  which  eheittfcal 
fidnmtiiiBtiirallynsolTetiietaielvef  in  the  mind  of  the  practioa!  chemirt,  and  this 
ine^ectife  of  aniy  tfaeoreitfcaileoiLsideirationi*  The  dttMifioBftleii  ia  ^estion  is  show^  by 
the  accompanying  scheme — 

(Non-ntttaUio  » 


Donarium    . 

.    Do. 

Erbium  . 

.    E. 

Fluorine 

.     F.  18-9 

Glucinium  . 

.     G. 

Gold  .    .    , 

.    Au.  (Aumm)  197 

Hydrogen 
TUnnie'^iTiTTfi 

.    II.  1 
.11. 

Iodine 

.    1.  127-1 

Iridium  . 

.     Ir.  99 

Iron    .     . 

.     Fe.  28 

lian^anium 

.    La. 

Lead  .    . 

.    .    Pb.  1037 

Tiithimn  , 

.    L.  6-^ 

Magnesfum 

Manganese 
M^cuiy  . 
Molybdenum 
Kiokel     . 

.    .    Mg.12-2 
.     Mn.  27-6 

,    .     Hg.  100 
.    Mo.  46 
.     Ni.2»-6 

Niobium 

.     Nb. 

Nitrogen 
Noriutn 

.     .     N,  14 

.     .    Nr, 

Onniwii 

.     Os,  d9-6 . 

Oxygen 
Palla4ittin 

.     .     0.8 
.    Pd,53$ 

Sim^ebed&B 


{Kali^enous 
Terrigenous 
Calcigenou« 
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▲MOUNT  OF  OXTGEN  IN  THE  WORLD* 


LIST  OF  NON-METALLIC  SIMPLE  BODIES. 


Oxygen. 

'  Fluorine. 

Chlorine. 


Bromine. 

Iodine. 

Selenium. 


Sulphur. 

Phosphorus. 

BoroiL 


Carbon. 

Hydrogen. 

Nitrogen. 


OXYGEN. 


SaXTITALENT  OR  ATOMIC  WEIGHT,    8. 

SPECIFIC  GBAvrrr,  1*1057.* 

WEIGHT  OP   100   CUBIC  INCHES,  AT   30   IN.  BAB.    eO"*   F.,    34*29   GRAINS, 

If  the  importance  of  any  element  be  presumed  to  bear  a  relation  to  the  quantity 
of  it  existing  in  nature,  oxygen  is  pre-eminent  in  this  claim.  From  one-half  to  two- 
thirds  of  the  surface  of  our  globe  and  its  inhabitants  consist  of  oxygen.  A  consideration 
of  the  following  facts  will  demonstrate  the  extent  to  which,  the  preceding  statement 
may  be  accepted  as  correct : — 

It  exists  both  in  the  organic  and  inorganic  kingdom.  It  constitutes  eighjt-ninths  of 
water,  and  water  covers  about  three-fourths  of  the  surface  of  the  earth.  Of  the  dry 
atmosphere,  oxygen  constitutes  twenty-three  parts  of  every  hundred,  and  eight-ninths 
of  atmospheric  vapour.  Of  the  earth's  soUd  crust  at  least  one-third  is  oxygen,  as  will 
be  rendered  evident  if  we  reflect  upon  the  minerals  of  which  this  crust  is  chiefly  formed 
—namely,  for  the  most  part  of  silica,  carbonate  of  lime,  and  alumina.  SUica  alone 
constitutes  45  per  cent,  of  the  earth's  solid  crust.  Silica,  carbonate  of  lime,  and 
alumina,  contain  respectively  about  half  their  weight  of  oxygen. 

Some  idea  of  the  proportion  in  whicb  oxygen  exists  in.  nature  may  be  derived  &om 
the  following  tabular  view : — 

AMOUNT  OP  OXYGEN  IN  THE  WORLD. 

C  Principles    . 
Animal      •<  Phosphate  of  lime 
(Water     .    . 

v-^^t^W"  {^^^^" : 

C  Silica      •    . 

Mineral      •<  Alumina  .    . 

( Lime       •    . 

Ocean  and  waters     « 
Atmosphere     .    •    . 


J!» 


Oxygen  is  }  or  |  of  the  globe. 


The  total  quantity  of  oxygen  required  daily  for  the  whole  human  population  has 
been  calculated  at  1,000,000,000  lbs. ;  twice  that  amount  for  animals ;  and  a  quantity 
equal  to  the  first  to  support  the  operations  of  combustion  and  fermentation ;— thus 
giving  4,000,000,000  lbs.  per  diem.  But  the  functions  unenumerated  requiring  oxygen 
demand  at  least  an  equal  amount  to  the  sum  total  above  given;  therefore  the 
total  amount  of  oxygen  required  daily  is  no  less  than  the  enormous  quantity  of 
8,000,000,000  lbs. 

Without  oxygen  no  ordinary  form  of  combustion  could  take  place;  nor  could 
animal  and  vegetable  life  be  sustained.  Without  oxygen  there  would  be  no  water— no 
atmospheric  air.  The  most  ordinary  constituents  of  the  soil  would  be  wanting.  There 
•  Damas,  "Ann.  Ghim.  et  Phys."  Sme  aerie,  ill.,  p.  275. 
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would  be  no  clay,  no  flint,  no  potash,  soda,  lime,  or  magnesia.  It  is  difficult  for  a 
chemist  to  picture  to  himself  the  sort  of  mass  in  space  otir  world  would  be  if  deprived 
of  oxygen.  There  could  be  no  animal,  no  vegetable,  no  water ,  the  most  striking 
peculiarity  of  the  landscape  would  be  the  never-ceasing  presence  of  resplendent 
metallic  masses. 

As  our  world  is  now  constituted  there  are  very  few  metals  discoverable  in  a  native 
or  pure  state ;  they  usually  occur  in  combination  and,  for  the  most  part,  with  oxygen. 
Gold  and  platinum  are  almost '^the  only  metals  which  invariably  occur  under  the 
metallic  form;  but  if  oxygen  were  removed  from  the  globe,  then  a  long  array  of 
metallic  bodies  would  shine  out  in  fuU  radiance :  but  the  world  would  be  a  small  one 
(considerably  less  than  half  its  present  weight),  and  a  very  dead  and  cheerless  worl^ — 
deprived  of  every  trace  of  animal  and  vegetable  life. 

Bistorieal  Notice  andSynonymes  of  Oxygen,— Before  the  time  of  Scheele  and  Priestley 
the  atmospheric  air  [was  assumed  to  be  a  simple  body — an  opinion  which  was  proved 
to  be  incorrect  by  the  philosophers  in  question.  To  Priesdey  the  honour  is  due  of 
having  first  effected  the  separation  of  oxygen  gas  (1774).  Subsequently,  in  1775, 
the  discovery  was  repeated  by  Scheele.  The  appellation  of  oxygen — ^in  French,  wDygene 
—was  applied  to  it  by  Lavoisier,  who  also  denominated  it  tiie  acidifying  principle; 
in  Crerman,  it  is  termed  eauerstoff.  By  Condorcet  it  was  denominated  vital  air,  seeing  that 
the  function  of  respiration  depends  upon  its  presence.  Scheele  called  it  fire^air—in 
German,  /etierfo/f— from  the  circumstance  that  its  presence  is  necessary  to  every 
ordinary  case  of  combustion.  The  expression  dephlogiatieated  nir  was  applied  to  it  by 
its  ;discoverer,  Priestley,  and  had  reference  to  a  belief  that  oxygen  was  deprived  of  a 
certain  imaginary  material  known  as  phlogiston. 

The  word  oxygen  is  a  compound  of  the  two  Greek  words  o|v;,  aeidy  and  ytyya&f  I 
generate^  thereby  indicating  that  it  is  an  acid  former.  The  expression  derives  its  origin^ 
as  we  have  already  seen,  from  Lavoisier,  a  chemist  who  lived  in  the  early  part  of  the 
great  French  Revolution,  and  to  whom  the  greater  portion  of  modem  chemical  nomen- 
clature is  referable.  The  terb  oxygen  was  given  to  the  simple  body  in  question,  in 
accordance  with  the  idea  of  its  being  the  universal  acidifying  principle.  The  expression 
is  suggestive  of  the  boldness  of  thought  in  which  all  subjects  at  that  period  of  turmoil 
were  approached.  It  intimates  not  only  that  oxygen  was  the  acidifying  principle 
of  all  acids  known  at  the  time  of  Lavoisier,  but  that  it  must  necessarily  be  the 
acidifying  principle  of  all  acids  hereafter  to  be  discovered.  This  assumption  was 
rather  too  bold ;  nor  was  it  quite  accordant  with  true  logical  inference  to  assume, 
that  of  two  or  more  bodies  entering  into  the  composition  of  an  acid,  one  alone 
should  be  regarded  as  the  acidifying  principle. 

Nevertheless,  the  idea  that  oxygen  was  the  universal  addifier  took  firm  hold  of 
the  chemist ;  nor  has  the  progress  of  modem  discovery  been  able  to  supersede  much  of 
the  nomenclature  begotten  under  this  supposition. 

Jbm»  under  whieh  Oxygen  exiete.-^TloB  element  has  hitherto  been  only  obtained, 
uncombined,  in  the  form  of  a  gas ;  whereas  many  bodies,  the  familiar  form  of  which 
is  gaseous,  may  be  obtained  as  liquids  or  as  solids.  Oxygen  gas,  however,  is  subject 
to  a  remarkable  modification,  or  allotropic  condition,  to  which  the  designation  wume 
has  been  applied.    Under  this  head  it  will  be  described  fiirther  on. 

Preparation  of  Oxygen, — ^Although  oxygen  gas  was  originally  diBooyered  by  dis- 
tilling it  from  the  red  oxide  of  mercury,  yet  this  is  by  no  means  the  most  convenient 
method  of  preparing  it.    The  processes  usually  adopted  are  as  follow  :— 
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1.  By  applying  furnace  heat  to  black  oxide  of  manganese  in  an  iron  bottle  or 
retort. 

The  construction  and  arrangement  of  the  iron  retort  in  question  have  been  already 
detailed  at  page  178  ;  it  only  remains,  therefore,  to  indicate  the  decompoeition  which 
ensues.  Black  oxide  of  manganese,  regarded  as  to  its  composition,  is  the  binoxide, 
sometimes  called  peroxide,  of  that  metal,  and  is  composed  of  one  equiyaleat  or  atom  of 
manganese  +  two  equivalents  or  atoms  of  oxygen.  Its  symbolical  expression,  ther^ 
fore,  is  Mn.  Og.  In  addition  to  the  black,  bin,  or  peroxide* of  manganese,  there  are  two 
others—viz.,  the  protoxide  and  the  sesquioxide.  The  three  may  be  represented  as 
underneath  :-^ 

Atome.  Parts  by  Weight. 

0.      Mn.  O.        Mn. 

Protoxide  of  manganese       ...        1        1  8        26 

Sesquioxide  of  manganese    .  .  .32  24        56 

Binoxide  of  manganese        .  .  .21  16        ^8 

Now  it  will  be  evident  that  if  heat  be  applied  to  -binoxide  of  manganese,  and  ses 
quioxideof  manganese  remain,  a  portion  of  oxygen  gas  must  have  been  evolved.  This  is 
what  takes  place  in  piBOtioe — every  two  equivalents  of  binoxide  of  manganese  evolving 
one  equivalent  of  oxygen.  From  a  consideration  of  these  circumstances  we  may  regard 
the  binoxide  of  mangimese  to  be  thus  composed : — 

^  .    .        '      ^         y.,.       .,         C I  Equivalent  or  atom  of  oxyaen. 

Two  equivalents  or  atoms  of  binoxide       i  i  Equivalent  or  atom    ofs^- 
of  manganese  ^     .quioxide  of  manganese. 

2.  By  distilling  a  mixture  of  black  oxide  of  manganese  and  sulphuric  acid  in  a 
flask  or  glass  retort. 

The  decomposition  which  ensues  is  referable  to  the  fact  that  sulphuric  acid  does  mit 
combine  with  binoxide  of  manganese,  but  readily  combines  with  the  protoxide  of  that 
metal.  The  result  is,  that  from  every  equivalent  of  binosddc  •  of  manganese,  one 
equivalent  of  oxygen  is  expelled;  and  each  resulting  equivalent  <k  protoxide  combines 
with  an  equivalent  of  sulphuric  acid.  The  following  diagram  will  serve  to  render  the 
scheme  of  decomposition  intelligible. 

1  Binoxide  of  (1  Oxygen  .  ,         ,      egcaycs. 

Manganese  U  Protoxide  of  manganese 

I  Sulphuric:  acid - • ___71  Sulphate  of  protoxide  (proto- 

sulphate)  of  manganese. 

In  condaciing  this  operation,  only  enough  sulphuric  acid  should  be  added  to  form 
a  stiff  paste  with  the  powdered  oxide.  Care  should  also  be  taken  ihtA  the  flask  or 
retort  be  uniformly  wet  by  contact  with  the  pasty  mixture ;  otherwise  fhkctux«  wifl 
probably  ensue  on  'th6  appSacalion  of  flame.  This  m«thod  oS  obtahiing  oxygen  gas  is 
now  but  aelddm  employed. 

3.  By  ap^ying  beat  to  chlorate  of  potash  in  a  siaall  retort^  oar  besit  tube  of  hard 
Oermaa  or  graen  glass. 

This  is  a  very  convement  plan  of  obtaining  oxygen  gas  absolutely  pnz^.  The  only 
•disadvimEtage  attending  the  operation  is  the  high  temperature  necessarily  required— a 
necessity  winch  may  be  avoided  by  modifying  the  treatment  as  described  in.  12ib  neoct 
process.   The  decompositioii  which  eiiniss  is  easily  oomprehansible.   CUontte  of  pdlack 
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is  a  compound  of  chloric  acid  and  potaah.  OMoiio  acid  ccmtains  five  atoms  of  oxygen, 
and  potash  one.  By  the  implication  of  sufficient  heat,  aU  the  oxygen  (six  atoms)  is 
expelled,  tstd.  chlodne,  in  direct  union  mth  potassium  (chloride  of  potassium),  remains. 
dymbolioftUy^  there£>re,  the  deoompoKtion  admits  of  being  represented  as  follows : — 

KO,  C104=:KCl-i-06. 

Or  pecrhaps  still  more  intelligibly  by  'means  of  a  diagram. 

I  6  Oxygen     - — -z6  Oxygen  escape. 


/I  Chloric  acid 


.1  Chlorate) 
of  pota^  I 


U  Potash 


1   Potassium    ._     ^  1  Chloride  of  potassium. 


4.  By  distilling  a  mixture  of  equal  parts  of  chlorate  of  potash  and  black  oxide  of 
manganese,  or  equal  parts  of  chlorate  of  potash  and  black  oxide  of  copper. 

This  is  the  process  usually  had  recourse  to  for  procuring  small  quantities  of  oxygen 
in  the  laboratory.  The  heat  necessary  to  be  applied  is  much  less  than  in  the  previous 
instance,  and  the  decomposition  is  more  manageable.  Notwithstanding  the  addition 
of  oxide  of  copper,  or  oxide  of  manganese,  both  of  which,  as  their  name  indicates, 
contain  oxygen,  the  whole  of  the  oxygen  liberated  comes  from  the  chlorate  of  potash 
used.  The  presence  of  the  advantitious  oxide  facilitates  the  decomposition  of  chlo- 
rate of  potash  by  the  operation  of  a  force  known  as  catalysis.  Not  that  the  term 
is  to  be  recommended,  seeing  that  it  throws  no  light  whatever  on  the  nature  of  the 


5.  By  exposing  water  to  the  decomposing  agency  of  voltaic  electricity,  and  collect- 
ing separately  the  oxygen  and  hydrogen  gases. 

At  page  247,  the  method  of  performing  this  decomposition  has  been  already 
explained. 

laxpeziments  with  Oxygeii. — The  chief  experiments  which  admit  of  being 
performed  with  oxygen  gas  have  reference  to  the  power  of  this  elementary  body  as  a 
sui^iter  of  combustion.  Indeed,  the  very  term  combustion  was  foMuerly  defined  as 
being  £he  rapid  union  of  a  body  with  oxygen.  The  impropriety  of  such  a  restriction 
has  long  been  admitted,  and  the  term  combustion  is  now  understood  to  express  rapid 
chemical  union  attended  with  evolution  of  light  and  heat.  Nevertheless,  oxygen  gas  is 
the  supporter  of  combustion,  par  excellence.  By  means  of  it  all  our  ordinary  fires  are 
enabled  to  exist,  and  our  chief  sources  of  lurtificial  illumination  supplied. 

Experiment  1.  Combtatian  0/  an  ordinary  Taper  in  Oa?^w.— Light  an  ordinary 
taper  or  can^e ;  wait  until  the  wick  has  become  incandescent,  then  blow  out  the 
flame,  and  immeise  the  eandle  in  «  bol^e  of  oxygen  gas.  The  wick  will  immediately 
burst  into  flame,  ancL  continue  to  bum  with  exceeding  brilliancy  until  all  the  gas  has 
been  expended.  Instead  of  a  candlse,  a  small  slip  of  wood,  such  as  a  match,  may  be 
employed.  Thus  the  chemist  has  an  excellent  distinctive  test  of  the  presence  of 
oxygen.  Only  ooe  gas  (the  protoxide  of  nitro|;en)  can  be  confounded  with  it  by  ;the 
evidenee  of  the  test  in  question,  even  by  the- most  inexperienoed. 
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Experiment  2.  Combustion  of  Charcoal  in  Ox^ffm^—Firrolj  attach  a  piece  of  charcoal  to 
a  copper  wire,  by  twisting  the  latter  round  it ;  run  the 
other^ztremity  of  the  wire  through  a  central  hole  in  a 
small  tin  disc,  and  finally  through  a  cork,  as  shown  in 
the  diagram.  Light  the  charcoal  by  holding  it  in  the 
fire  or  on  a  gas  or  blow-pipe  fiame,  and  immerse  it  in 
a  jar  containing  oxygen,  and  standing  in  a  soup-plate 
containing  a  little  water.  The  chaicoal  will  bum 
with  far  greater  brilliancy  than  in  the  atmosphere, 
proving  that  oxygen  gas  is  an  excellent  supporter  of 
•   combustion. 

Experiment  3.  Combustion  of  Fhosphorus  in  Oxygen. — ^Instead  of  the  plain  wire 
used  in  the  preceding  experiment,  procure  a  small  ladle  of  copper,  as  here  depicted. 
It  is  commonly  known  as  the  deflagrating  ladle,  and  may  be  obtained  under 
that  name  in  shops  where  chemical  instruments  are  sold.  Take  a  piece  of 
phosphorus,  not  larger  than  a  small  pea ;  dry  it  by  means  of  blotting-paper; 
place  it  in  the  deflagrating  ladle ;  ignite  it  by  contact  with  a  hot  wire ;  ien 
plunge  it  into  the  jar  of  oxygen  gas.  The  combustion  of  the  phosphorus  in 
this  will  be  so  exceedingly  brilliant  that  the  eye  can  barely  tolerate  the  glare. 
The  result  of  this  combustion  is  a  solid  (phosphoric  acid). 

Experiment  4.  Repeat  the  preceding  experiment,  substituting  sulphur  in 
place  of  oxygen.  The  combustion  will  not  be  so  brilliant  as  the  last ;  but, 
neyertheless,  exceedingly  beautiful. 

Experiment  5.  Combustion  of  Iron  or  Steel  Wire  in  Oxygen  Gas. — I  have  said 
iron  or  steel  wire ;  but,  perhaps,  the  most  convenient  thing  to  be  used  in  this  experiment  is 
a  length  of  steel  watch-spring.  Select  a  length  proper  for  the  experiment ;  pull  it  at 
either  end,  and  pass  it  through  the  flame  of  a  spirit-lamp  or  a  baf  s-wing  gas  burner, 
by  which  treatment  the  tendency  to  form  a  coil  wiU  be  removed,  and  it  will  be  ren- 
dered permanently  straight.  Attach  one  end  to  the  cork  and  tin-plate  disc,  as  in 
previous  experiments,  and  wind  round  the  other  extremity  a  little  cotton  wool.  If 
the  latter  be  ignited,  and  the  whole  spring  plunged  into  a  jar  of  oxygen,  the  steel  will 
take  fire  and  bum  most  brilliantly,  frequently  throwing  off  globules  of  molten  matter, 
which  bum  their  way  deep  into  the  substance  of  the  glass,  and  often,  indeed,  quite 
through. 

Results  of  the  preceding  Combustions. — If  the  water  contained  in  the  soup  plates 
employed  for  the  experiments  1,  2,  3,  and  4,  be  tested  by  means  of  blue  litmus  paper, 
the  latter  will  be  reddened,  thus  indicating  the  presence  of  acid  matter.  The  com- 
bustion of  iron  yields  no  such  acid  result.  This  was  kn.  important  subject  of  contem- 
plation for  Lavoisier,  and  it  infiuenced  the  structure  of  his  celebrated  nomenclature. 
If  the  result  of  the  combination  of  a  body  with  oxygen  was  an  acid,  Lavoisier  indicated 
the  nature  of  the  acid  by  employing  the  name  (slightly  modified)  of  the  combining 
body ;  but  if  the  result  were  not  acid,  he  simply  termed  it  an  oxide.  Thus,  in  a 
preceding  instance,  we  obtain  by  the  combustion  of  charcoal  (carbon)  in  oxygen,  car- 
bonic acid ;  but  the  combustion  of  oxygen  yields  oxide  of  iron.  Now,  in  the  instance 
of  carbon,  there  is  only  one  acid  combination  of  it  with  oxygen ;  but  had  there  been 
more  than  one,  some  means  would  be  necessary  for  their  verbal  discrimination. 
Lavoisier  determined,  that  supposing  the  acids  of  one  series  to  be  only  two,  tiie  termi« 
nations  ous  and  ic  should  respectively  designate  them ;  ous  standing  for  the  least  rich  in 
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oxygen,  ie  for  the  most  rich.  If  more  than  two,  the  Greek  prefix  hjfpo  he  determined 
ahonld  b6  employed.  A  greater  number  of  compounds  than  these  terms  would  provide 
for  was  not  known  in  his  time.  As  an  illustration  of  the  working  of  this  nomencla- 
ture I  may  dte  the  oxygen  compounds  of  sulphur,  which  are  all  acid.  For  a  long 
time  only  four  of  these  were  known,  and  their  designation  was  as  follows ;— 

By  Weight.  By  Atoms. 

S.     O.  8.    O. 

Hyposulphurous  acid    ....     32    16  22 

Sulphurous  acid 16     16  12- 

.'"      Hyposulphuric  acid       ....     32    40  25 

Sulphuric  acid 16    24  13 

Now  it  will  be  seen  that  hyposulphurous  acid  contains  less  oxygen  than  sulphurous, 
hyposulphuric  less  than  sulphuric  i  thus,  Layoisier's  proyision  suffices  for  the  four ; 
but  eyentually  the  number  of  sulphur  and  oxygen  compounds  became  extended  to 
seyen,  and  chemists  haye  designated  them  as  follows  :— 

Sulphurous  acid  .  ,  .  .  .  ,  S  0^ 

S  0, 


S,Oa 

S3O, 
S4O3 


Sulphuric  acid 

Hyposulphurous  acid  .... 

Hyposulphuric  acid  (Dithionie  acid) 

Sulphuretted  hyposulphuric  acid  {Trithionie  acid) 

Bisulphuretted  hyposulphuric  acid  {Tetrathionie  add) 

Trisulphuretted  hyposulphuric  acid  {Pentathionie  acid) 
The  nomenclature,  it  must  be  confessed,  is  rather  unwieldly,  and  feu:  less  expressiye 
than  a  glance  at  the  symbolical  notation  designating  the  acids  in  question*  These 
chemical  symbols  are,  in  point  of  fact,  checking  the  development  of  chemical  nomen- 
clature—the eye  can  more  easily  see  a  scheme  of  combination  embodied  in  a  symbol 
than  the  tongue  can  give  it  utterance. 

Haying  tiius  far  explained  the  scheme  of  the  principles  of  chemical  nomenclature 
devised  by  Lavoisier,  so  &r  as  relates  to  the  oxygen,  it  remains  to  examine  the 
means  by  which  he  individualised  several  non-acid  combinations  of  the  same  consti- 
tuents. For  this  end  the  Latin  prefixes  proto  and  per  were  employed  to  denominate  the 
smallest  and  the  highest  grade  of  oxygenation  respectively,  and  the  numerals  bif  iri,  &c. 
when  more  precise  distinction  was  required.  Occasionally,  too,  the  Greek  numerals  dis^ 
iris,  ietrakis,  were  called  into  operation ;  also  the  Latin  word  sesqui.  This  general  idea 
of  the  scheme  of  Lavoisier  is  all  that  I  think  desirable  to  give  in  this  place.  Fami- 
liarity with  chemical  nomenclature  will  best  be  acquired  by  explaining  the  meaning  of 
other  terms  as  they  occur. 

6.  Combustion  of  Potassium  in  Oxygen. — This  can  be  effected  by  heating  potassium  in 
a  small  copper  ladle,  and  plunging  it  into  a  jar  of  oxygen  gas.  It  is  difficult,  however, 
to  make  the  potassium  bum  satisfactorily,  in  consequence  of  the  crust  with  which  it 
becomes  enveloped.  That  crust,  however,  is  potash — an  alkali — and  the  result  demon- 
strates how  great  was  the  impropriety  of  considering  oxygen  to  be  endowed  with  some 
necessary  quality  of  an  acidifying  agent. 

Li  aU  the  preceding  experiments,  the  law  just  enumerated  would  be  found  to  hold 
good,  provided  the  results  of  combustion  were  accurately  collected  and  weighed. 
Practically,  however,  it  is  a  difficult  matter  to  collect  the  results  of  combustion,  except 
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Hiey  happen  to  be  solid.  Kow  the  result  of  buxning  iron  in  oxjrgezi  |ps  ii  a,  fojid  (o»d9 
of  iron),  and  the  experimentaluit  may  easily  satisfy  himself  that  the  globulea  ml  mMfim 
of  this  substance  produced  weigh  heayier  than  the  original  watch-.a|M:ing  ^mployad* 
The  exact  amount  of  increase  is  equivalent  to  the  weight  of  the  oxygen  absorbed;  h^ 
this  point  is  too  abstruse  for  a  learner  to  demonstrate. 

The  easily-rcQognised  increment  of  weight  acquired  by  the  solid  results  of  combus- 
tion in  .ozygen-»-such,  for  example,  as  the  solid  result  of  the  combustion  of  the  watch- 
spring— is  intimately  associated  with  the  downfall  of  a  theory  already  alluded  to,  termed 
the  phloffisiie.  According  to  the  theory  in  question,  combustion  was  the  concomitant,  if 
not  the  result,  of  a  loss  of  some  imaginary  principle  termed  phlopston  ;  but  when  it  was 
discovered  that  the  ashes  or  oxide  of  a'  metal  actually  weighed  more  than  the  original 
metal  itself,  the  phlogistic  theory  woiild  s^em  to  haVe  be^n  abandoned  as  a  necessity. 
Not  60,  however :  its  tenets  had  established  themselves  so  Gmij  in  the  mindi  of 
chemists,  that  the  argument  of  phlogiston,  being  a  principle  of  levity,  the  aotAgonist  of 
gravitation,  was  by  some  had  recourse  to.  Nevertheless,  the  weaJcnosf  of  thiA  wpgrnnmi 
is  almost  too  palpable  for  comment. 

Ozone. — Oxygen,  I  have  remarked,  can  only  be  obtained  uneombined  in  the  state  of 
gas ;  nevertheless,  I3iis  gaseous  forfii  is  susceptible*  of  assuming  a  peculiar  modification 
of  qualities,  by  virtue  of  what  is  termed  dllotropy  or  allo'tropism.  The  explanation  of 
this  strange  modification  is  totally  imknown ;  but'  the  result  is  a  gaseous  body,,  proved 
to  be  oxygen  on  analysis,  yfet  differing  from  oxygen  in  many  curious  relations.  Before, 
however,  the  student  proceeds  to  study  the  nature  of  ozone,  he  had  better  make  himself 
acquainted  with  a  ffew  properties  of  ordinary  oxygen  which  have  not  yet  come  under  his 
notice. 

Ordinary  oxygen  is  devoid  of  smeU ;  it  does  not  bleach ;  it  does  not  corrode  silver 
leaf;  it  does  not  tinge  blue,  a  mixture  of  hydriodic  acid  and  starch.  Ozone  has  all 
these  properties,  and  may  thus  be  distinguished  )from  ordinary  oxygen. 

Ozone  was  discovered  by  M.  Schfinbein  of  Basle.  There  are  several  methods  of 
preparing  it ;  but  the  following  is  most  convenient : — Into  a  wide-mouthed  bottle  pour 
a  little  water,  just  sufficient  to  cover  the  bottom ;  scrape  a  piece  of  phosphorus  to  free 
it  from  external  crust,  and  immerse  it  in  such  a  manner  that  it  shall  be  partially  exposed 
to  the  air.  Ozonation  of  the  atmospheric  oxygen  speedily  takes  place,  and  the 
operation  will  be  completed  after  the  lapse  of  some  hours.  The  ozonized  oxygen 
should  now  be  washed  by  transference  from  one  jar  to  another  several  times,  and  the 
operation  is  eomplete.  The  gas  thus  prepared  wiU  be  found  to  have  acquired  a  peculiar 
smell,  suggestive  of  the  odour  produced  by  a  powerftil  electrical  machine  in  good 
action.  In  point  of  fact,  the  electric  spark,  by  its  passage  throng  atmospheric  air, 
generates  ozone ;  and  the  amount  of  ozone  generally  recognizable  in  the  atmosphere  is 
no  doubt  chiefly  due  to  the  operation  of  electric  agencies. 

HYDROGEN, 

Eqttivalent  or  Atomic  Weight,  1. 
"Weight  op  100  Cubic  Inches,  2-1492. 
Specific  GRAvrnr,  0*0e93. 

When  it  is  stated  that  hydrogen  is  a  constituent  of  water,  of  all  animals  and 
vegetables,  and  of  some  minerals,  enough  will  have  been  said  by  way  of  demonstrating 
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its  importanoe  in  the  sohaine  of  creation.  Ta  tke  apecuktiye  pl^IoaoplujT,  liydrogen 
presmiU  otbor  poiutft  of  interest  Of  all  ponderaUe  bodies  it  is  the  lightest ;  neyer- 
thdiea%  ia  mmy  of  its  relations  it  demeans  itself  so  much  like  a  metal,  tiiat  the 
cbfiBUit  is  almost  inclined,  bold  th<wgh  the  idea  may  seem,  to  c/msidcr  it  and  speak  of 
it  AS  nioh* 

Several  gases,  as  I  have  already  indioated,  admit  of  being  reduced  to  the  liquid 
and  this  aoUd  conditions ;  bnt  hydrogen  has  hitherto  baffled  every  attempt  of  this 
kind.  The  ibrtoaate  chemist  for  whom  the  solidification  of  hydrogen  is  reserved  may 
probably  find  it  assume  the  aspect  of  a  metal.  Strange  though  such  a  result  may 
seero,  it  is  accordant  with  all  the  reasonings  of  chemists  which  have  been  brought  to 
J  hear  y[poii  ^e  subjoot. 

MittortMi  N^im^  Synonffmes^  find  Derivation  of  Ht/drogren. — The  term  Hydrogen  at 
present  en^loyed'was  -first  introduced  by  Lavoisier.  It  is  derived  from  two  Greek 
words— ud»/>,  watec,  andTCfi'Mi,  I  generate— jiignifying,  therefore,  the  "water-former." 
The  anai^ts  regarded  water  as  a  simple  substance,  and  the  opinion  held  its  ground 
until  the  time  of  I^tvoisier.  It  is  diffioult  to  refer  the  discovery  of  hydrogen  to  any 
one  philesot)h^)  although  the  honour  is  usually  referred  to  Cavendish,  in  1766.  The 
;  gaa  was  developed  in  t^e  course  of  many  chemical  operations,  and  had  long  been 
known  under  the  appellation  of  inflammable  air.  In  1781,  "Watt  and  Cavendish  proved 
the  result  of  inflaming  a  mwcturfl  of  ojcygen  and  hydrogen  gas  to  be  water  j  and  not 
long  afterwards  Lavoisier  proved  the  truth  of  tho  English  philosophers'  synthetical 
experiment  by  the  result  of  the  analysis  of  water.  The  discovery  of  the  relative  volume 
of  oxygen  and  hydrogen  necessary  to  constitute  water  was  reserved  for  Yon  Humboldt 
and  Gay  Lussac,  being  exactly  one  volume  of  oxygen  plus  two  of  hydrogen.  Lavoisier 
and  Hmisnier  had  imagined  the  relation  to  be  as  12  Oixygen  to  13  hydrogen ;  Fourcroy, 
Vauquelin,  and  Segmn,  100  to  205 ;  and  Nicholson  and  Carlisle,  72  to  143.  Hydrogen 
is  ealUd  by  the  French  Spdroffene,  by  the  Germans  Wamniof.  The  term  inflsmmable 
air  was  loosely  applied  not  merely  to  hydrogen,  but  to  other  gases  endowed  with  the 
property  of  combustion. 

Boure€t  and  ^qMWMtian  of  Mpdrogm.^^Rj^ixQgeo.  narer  exists  in  nature  nneom- 
Uned.  Its  great  stoxehonse  is  water;  bnt  it  also  exists  in  combination  with 
phoq^honia,  sulphur,  iodine,  bromine,  carbon^  nitrog^,  and  almost  all  organie  com- 
ponnda. 

iV^p^s(«iM.*^7drogen  may  readily  bo  ev^dved  in  the  condition  of  gas,  hut  under 
no  other  f6nn.    The  source  from  which  it  is  obtained  is  invariably  water. 

1.— J5y  bringing  Water  into  Contact  with  Potftsmum  or  JSoditm^^BQiix  these 
metak  possess  a  remarkable  affinity  for  oxygen;  eonseqnently,  as  soon  as  either 
of  €k&m  is  brought  into  contact  with  water,  the  latter  is  immediately  decomposed, 
oxygen  tmiting  with  the  metal,  and  generating  an  alkali,  which  remains  in  solution, 
the  hydrogen  escaping.  If  the  experiment  be  conducted  in  the  open  air,  the  hydrogen 
takes  fire ;  but  if  performed  under  a  glais  receiyer,  the  hydrogen  may  be  collected.  The 
most  efficient  manner  of  oonducdng  the  experiment  is  as  follows  :<-« 

Take  a  small  glass  cylinder  dosed  at  one  extremity.  Four  mercury  into  it  until 
only  about  one  inch  remains  unfilled.  Into  this  remaining  spsfe  pour  water ;  then 
dosing  the  open  extremity  of  the  tube,  by  means  of  the  thumb,  invert  it  over  a 
surfkce  of  merourj  in  a  common  mercurial  Iroug^.  By  the  preceding  manipula- 
tion, it  is  evident  that  the  small  portion  of  water  will  find  its  way  towards  the 
closed   end   of  the  tube.     The  apparatus  being  thus   disposed,  a  small  lump  of 
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potassium  or  sodium  may  be  forced  below  the  mouth  of  the  receiring  cylinder, 
and  then  allowed  to  escape.    It  will  rise  througb  the  mercury,  and  come  in  contact 

with  the  water ;  by  wluch  contact  the  decom- 

X  position  of  the  water  will  immediately  ensue, 
its  oxygen  being  appropriated  by  tke  potassinm 
or  sodium,  and  its  hydrogen  set  at  liberty  in 
the  tube.  Although  the  plan  described  is  theo« 
retically  the  simplest  which  can  be  had  recourse 
to,  it  presents  some  practical  difficulties,  in  con- 
sequence of  the  extreme  violence  of  decompo- 
~  sition  which  ensues.    To  modify  this  violence, 

it  is  advisable  to  substitute  an  amalgam  of  mer- 
cury and  potassium,  or  sodium,  in  place  of 
either  of  the  'alkaline  metals  alone. 

2.  By  Voltaic  Affeneif^-^JJudst  the  head 
of  voltaic  electricity  (p.  247),  it  has  already  been  shown  tiiat  water  is  suscep- 
tible of  decomposition  by  the  proper  application  of  that  agent.  It  is  needless, 
therefore,  to  repeat  the  description  in  this  place.  A  very  convenient  modi- 
fication of  the  process,  however,  for  obtaining  hydrogen  by  means  of  voltaic 
agency— and  which  has  the  merit  of  not  requiring  a  special  voltaic  battery-.*' 
was  devised  by  Fuchs,  and  is  as  follows : — Invert  a  platintim  crucible  in  dilute 
hydrochloric  acid,  and  whilst  thus  disposed,  lay  a  flat  zinc  plate  upon  its  base. 
By  this  disposition  of  parts  voltaic  energy  results,  and  hydrogen  gas  collects  in  the 
crucible. 

3.  Bf/  transmuting  the  Vapour  of  Water  over  small  pieees  of  Iron  contained  in  a  Parte- 
?flm,  or  rather  an  Iron  Tube,  heated  to  redness  in  a  fumaee, — Iron  subjected  to  this 
operation  is  brought  to  the  condition  of  black  oxide,  or  the  oxide  which  constitutes 
the  scales  of  a  blacksmith's  forge,  and  which  results  when  iron  is  burned  in  oxygen 
gas. 

The  experiment  just  described  possesses  much  collateral  importance,  illustrating  the 
fallacy  of  an  opinion  once  prevalent,  that  the  order  of  affinity  between  any  two  bodies 
might  be  determined  by  their  order  of  decomposition.  Supposing  that,  for  the  sake  of 
argument,  we  recognise  that  assumption  to  be  correct,  then  it  would  follow,  from  the 
preceding  experiment,  that  iron  must  have  a  greater  affinity  for  oxygen  than  hydrogen 
has  for  oxygen ;  but  if  a  current  of  hydrogen  bo  made  to  permeate  oxide  of  iron, 
heated  to  redness  in  a  tube,  a  decomposition  precisely  the  reverse  ensues :  water  is 
generated,  and  metallic  iron  set  free.  The  fact  is,  that  the  order  of  affinity  subsistuig 
between  any  two  bodies  can  rarely,  perhaps  never,  be  determined  in  this  manner. 
This  subject,  however,  has  been  fully  treated  of  in  a  former  part  of  this  work  (pp» 
50,  51). 

Perhaps  the  liberation  of  hydrogen  from  aqueous  vapour,  caused  to  pass  over  red-hot 
iron,  is  the  readiest  means  of  obtaining  the  gas  in  large  quantities.  It  possesses  an 
historical  interest  from  the  following  circumstance  :— 

In  the  early  part  of  the  wars  of  the  great  (or  first)  French  Revolution,  the  experi- 
ment was  tried  of  employing  air-balloons  for  the  purpose  of  overlooking  a  hostile 
army,  and  noticing  its  disposition.  Of  course  it  became  necessary  to  provide  some 
portable  and  ready  means  of  liberating  hydrogen  gas ;  and  the  process  just  described 
was  adopted. 
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4.  From  a  mixture  of  Irony  orZine,  Watery  and  Sulphuric  Add. — If  either  iron  or  zinc, 
in  small  pieces,  be  brought  into  contact  with  water,  slow  decomposition  of  the  latter 
results — oxygen  is  absorbed  by  the  iron  or  zinc,  and  hydrogen  set  free.  The  process 
in  question,  howeyer,  is  so  exceedingly  slow,  that  for  all  practical  purposes  it  is  useless. 
If,  howeyer,  sulphuric  acid  be  added  to  the  water,  decomposition  ensues  with  great 
rapidity ;  and  such  is  the  process  usually  adopted.  The  most  obvious  explanation  of 
the  function  performed  by  the  acid  is,  that  it  dissolyes  the  coating  of  metallic  oxide  so 
soon  as  formed ;  but  it  is  scarcely  satisfactory,  at  least  in  the  case  of  zinc.  Pure  zinc 
IB  acted  upon  with  extreme  difficulty  by  dilute  sulphuric  acid ;  and  pure  iron  is  much 
less  readily  dissolved  than  the  impure  metal.  Probably,  therefore,  the  rapid  solution 
of  these  metals  in  dilute  sulphuric  acid,  under  ordinary  conditions  of  impurity,  is 
referable  to  the  existence  of  voltaic  currents,  which  circulate  from  one  portion  of 
impure  metal  through  the  other. 

The  chemical  decomposition  involved  in  the  method  of  liberating  hydrogen  gas  just 
described,  is  represented  by  the  following  diagram : — 


1  Water  i  }  ^7^«^ escapes. 

(1  Oxygen 

1  Zinc Z 1  Oxide  of  zinc 

1  Sulphuric  acid 71  Sulphate  of  oxide  of  zinc. 

For  the  purpose  of  generating  hydrogen  by  the  process  just  described,  a  glass 

retort  or  a  glass  flask,  provided  with  perfo- 
rated cork  and  bent  tube,  may  be  employed ; 

but  if  large  quantities  of  hydrogen  gas  have 

to  be  liberated,  it  is  better  to  substitute  for 

the  glass  retort  or  flask  a  copper  vessel  of  the 

following  description:— A B  represent  necks, 

each  fitted  with  a  good  cork ;  the  latter  of 

which,  or  cork  B,  is  perforated  and  adapted 

to  a  piece  of  pewter  gas  tubing,  which  serves 

to  convey  the  liberated  hydrogen  into  any 

convenient  resfervoir. 

Froperties  of  Sydrogen.—This  element,  as  I  have  already  remarked,  can  only  be 

obtained  in  the  state  of  gas,  in 
which  condition  it  is  the  lightest 
of  all  ponderable  bodies,  100  cubic 
inches  only  weighing  2*1492  grs. 
Hydrogen  gas,  when  quite  pure, 
is  almost  devoid  of  odour ;  but,  as 
ordinarily  prepared,  by  means  of 
zinc  or  iron  and  dilute  sul- 
phuric acid,  or  by  the  transmission 
of  aqueous  vapour  over  pieces  of 
iron  at  a  red-heat,  it  is  obtained 
^  in  combination  with  many  impu- 
p  rities,  and  possesses  a  very  disa- 
greeable smell.    These  impurities 

are  'a  volatile  oil,  formed  by  the  combination  of  hydrogen  and  carbon ;  also  certain 

gaseous  combinations  of  arsenic  or  sulphur  with  hydrogen.     Prom  these  adventitious 
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bodies  hydrogen  may  be  freed,  by  bringing  it  iato  prolonged  contact,  first  with,  aqufious 
solution  of  potash,  which  absorbs  the  o&nsiTe  oil ;  next,  with  a  eolution  ol  bi?-(Mond0 
of  mereury  (corrofliye  sublimate),  which,  in  its  tuni>  abaorba  tlm  anenieal  and  sal- 
phurous  impurities. 

A  eanye&ieBt  an-angement  for  acoomplishing'  tljio  aboYC-mentioodd  separatioa 
is  represented  on  page  280.  A  is  a  generating  bottle,  into  which  dilute  snJ^Hnmc 
acid  and  gKomlated  zinc  being  thrown,  hydrogen  gas  is  deut^&paL  The  duq^naitLon 
of  ike  Kppaxskas  is  such  that  1^  gas,  aa  80(m  as  def^oped,  posses,  thxcmg^  the 
second,  oar  tSuree-neched  battle  (B]  whioh,  containing  a  lit^  waJar,  separafen  all 
such  poactions  of  solphurie  acid  which  may  happen  to  ooBxei  oiier.  Pasnng  firom  this 
second  bottle  the  gas  is  made  to  trayerae  a  series  oi  U  tabes^  oeBrenieBtly  soapended 
from  a  frame.  The  first  of  ihAse  tabes  oontaias  unall  fragnMBteof  pnnncftHrtone, 
moistened  with  solution  of  potash ;  the  remaining  tubes  coataia  scdntton  oi  biohkaride. 
of  mercury.  Hydrogen  gas  &us  tzealed  inay  be  oonaidfircd  £pee  ftaak  adimxtiirfr  with 
any  impurity  except  aqueous  yaponr,.  which,  if  desired,  ean  be  aeptncM  by-tzansmlniooi 
through  a  tube  containing  fragments  of  fused  chloride  of  cidcium,  a  substance  which 
has  poweiful  hygrometric  properties,  and  is,  therefore,  comnMnty  eauployed  for  the 
purpose  of  absorbing  aqueous  moisture. 

It  is  SQareely  necessary  to  remark,  that  a  gas  artificiBllj  dried,  and  intended  to  be 
kept  dry,  must  not  be  collected  over-  water  in  the  ordinary  pneumatio  troagh.  A 
mercurial  trough  must  be  substituted.  The  description  of  a  mercurial  trough  of 
elaborate  construction  has  already  been  given  at  p.  182  ;  bnt,  for  the  greater  nionber 
of  purposes  to  which  the  instrument  is  applied,  the  expense  of  procuring  so  complete 
an  apj^amtns  need  not  be  incurred.  A  yery  good  mercurial  trough,  fbr  general 
purposes,  admHa  of  being  cut  out  of  a  solid  block  of  wood^  wtssh  as  mahogany;-  and 
small  mercnrisil  troughs  are  frequently  made  of  porcdhdn. 

It  will  be  eyidnit  that  the  trouble  of  drying  a  gas  artificially,  aad  collectmg  it  oyer 
mercury,  woold  ha  thfowm  away  if  the  receiving-jars,  or  other  vessels  employed,  were 
not  dried  also.  1%»  operation  of  drying  a  vessel  is  simple  enough  when  the  vessel 
possesses  an  orifice  large  enough  to  admit  f&e  hand,  or  when  it  has  two  apertures,  so 
that  a  current  of  air  can  be  established  y  but  otherwise  the  operation  is  not  so  obvious 
as  to  render  description  nzmecessary.  Suppose,  for  example,  it  were  desired  to  dry  a 
Florence  flask,  moistened,  we  wiH  assume,  with  pure  watec:  it  woidd  be  necessary  to 
vrarm  the  flask  by  holding  it  near  the  fire  ;  then  inserting  a  tube,  the  operator  should 
get  rid  of  the  major  part  of  the  ya|>our  by  blowing,  but  fiiush  the  (^etcation  by  inspiring 
through  the  tube.  A  still  better  plan  is  to  substituteforth»nKratit  aztd  hmffi  fi  pair 
of  bellows. 

Hyd]rog[en  Gas  is  Combustible. — ^Perhaps  the  simplest  fans  of  appaeatus  for 
demonstrating  this,  though  not  th6  most  elegant,  is  the  following : — Take  a  phial  or 
small  bottle,  adapt  to  it  an  accurately-fitting  cork,  through  whioh  make  a  eiroolar  per-  ^ 
foration,  and  fix  in  the  latter  the  stem  of  a  tobacco-pipe.  Into  the  bottle  thvpw  some 
fragments  of  granulated  zinc,  and  enough  diluted  siil|&une  ^id  (one  part  of  acid  to 
about  six  or  seven  of  water,  both  by  measure)  to  coyer  tiiem ;  then  insert  the  cork, 
furnished  with  its  tobacco-pipe  shank,  as  desenbed.  Hydrogen  gas  will  be  immediately 
developed,  and  passing  through  the  t(^ceo-pipe  shnk,  will  aseepe ;  hot  the  first 
»  portions  of  gas  which  emerge  wiH  evidentjly  be  mixed  with  atmospheric  air.  When, 
in  the  operator's  judgment,  all  the  atmospheric  air  has  been  driven  forth,  and  nnndxed 
hydrogen  is  escaping,  a  lighted  taper  may  be  applied  to  the  extremity  of  the  tobacco- 
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pipe  ahank,  and  the  Hberaiad  gas  will  bum  trai:iq(uillf  ,  aad  with  slight  liuDinoeily.    If 

tiie  taper  be  applied  before  aBr-^ry  at  any  rate,  the  greater  portion — of  atmospheric  air 

has  eaoaped,  an  explosion  will  probably  result— not  dangerous,  but  sufficient  to 

blow  out  the  ooiic.    Should  an  accident  of  this  kind  occur,  it  will 

at  least  impeeas  on  the  studsnt^s  memoory  the  yaluable  fact,  that 

althoii§^  hydiogflB  Tmrnixerl  buzna  tcanq-uilly,  yet  hydrogen  siized 

with  atmoH^Ueoc  air  constitiites  an  e^qiloeiye  miztwft— it  emsti- 

tatea,  in  point  .of  fact,  tho  fire-damp  c^  ooal^minea.    A  mixtoie  of 

five  Tnoliimes  of  atmospkexdc  air  and  two  Tolum'es  of  hydrogen  gas 

is  the  moit  expIooKFO  that  can  he  foaaacnd  of  these  two  gaseous 

bodieis. 

The  apparatus  just  deaeribed  is  Tcry  zongh— but  I  wish  thus 
eadj  to  impress  on. the  pupil's  mind  the  important  hn^  tk«t 
rougih  apparatus  is  yaluable  in  its  way.  A  yery  preyalent  qpiiuun 
exists  that  oheqiieal  science  oannot  be  studied  expetiBientally, 
even  in  its  radimente  and  geaexal  princifdes,  without  the  aid  of 
exptnsiye  appamtaa;  this  is  a  mostake  which  cannot  be  too 
stMiiaously  battled  against.  The  flist  attempt  of  a  young 
student  of  chemistry  should  he  to  make  himself  aoqnainted  with  prindpies;  and 
not  -onfreqiiaitly  principka  are  better  incnleatod  by  rede  and  imperfect  than  by 
highly-finished  and  perfect  apparatus.  Tho  latter  are  firequenfly  deficient  in  one 
importKBt  educatioMd  partieubw— they  do  not  well  make  known  the  difienltleB  to  be 
conquered  in  achierying  a  perfect  result,  and  they  pnvent  the  leamer  Aram  deriving  the 
ednoatianal  benefit  whi(di  mishaps  and  foiled  attsmpts  are  able  to  eon&r. 

Theexpenment  jmal  desozibed  inyolves  the  peifimhanee  of  an  operation  with  which 
I  ma  to  wapfom  the  leames  unaaqnainted,  and  which,  iherefi)re,  dieuld  be  illustrated. 
A  eork  has  to  be  pedbaated  with.  &  hole,  sod  this  proeeas^  simple  though  it  may  appear, 
raquhsasseme  littLs  pnctice  to  da  it  well.  Chemical  apparatus 
MOT  makers  seil  iaafannnents  known,  as  ooik-borers.  They  are  sold 
insets,  no  two  being  of  the  same  dimensioBs,  and  one  fittSsg  into 
the  other.  Eaeh  of  these  cork-beran  is  a  bzass  tabe,  sone-'f our 
or  fiye  inches  long,  filed  to  &  rovf^  or  sanr-Jike  edge  at  one 
extremity  and  left  blunt  attiie  other*  Near  to  the  Uiatit  end 
each  boiec  is  placed  with  a  transrerae  hole,  thiongh  wUeh  a 
piece  of  wire  may  be  thrust^  so  as  to  enable  tiie  epemtdr  to  give 
rotatory  metioo.    When  it  ia  desired  to  peafointe  s  eor!^  one 

J  of  these  borers  is  to  be  chosett,  a  Httie  smaller  thaia  the  tnbe 

intended  to  be  finally  thrust  into  the  eoik;  then  rotatoiy  motioD, 
aceampenied  by  gentle  preasoxc^  being  aj^ed,  a  Me  is  qieedily 
made.  K  the  hole  be  too  smaU,  it  aimi<B  of  being  enlarged 
by  means  of  a  rat Vtail  ille. 
I  shall  now  deaenbe  mmee  perfect  Harms  of  apparstns  fer  pro^ 
curing  a  jet  ef  i^drogen,  or,  indeed,  any  otiker  gas,  premiaiag  that  tke  instraetiens 
to  be  given  wiU  not  only  refsr  lothepirtakwihr  gas  nndereoiisideziitxon,  bnt  to  att  gases 


Fijs.  A  represents  an  arraaigement  by  the  aid  of  which  a  jet  of  gas  can  be:Uba«ted 
iram  an  etdinary  beU-glasa  redelviBg  jar.  By  reftoranee  to  the  ilhistrktive  ^agtam, 
it  \rill  be  seen,  'that  the  jar  in  qoesttou  h  soppiSed  with  a  brasa  eap^  inio.  which  is 
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screTTOd  a  stop-cock.    Thiough  the  aperture  of  this  stop-cock  it  is  evident  that  gas 

must  rush  if  the  jar  be  forced  down  into 
the  water  of  the  trough  by  manual  pressure. 
Should  it  be  desired  to  obtain  a  smaller  jet 
than  that  which  would  result  from  tbe 
mere  stop-cock  bore,  such  a  jet  may  be 
readily  made  out  of  a  glass  tube,  or  eyen  out 
of  the  shank  of  a  tobacco-pipe.  The  chemist 
who  woiks  with  gases  must  procure  a  few 
stop-cocks,  with  intermediate  connecters; 
and  when  procuring  them,  he  should  see 
that  they  are  cut  with  the  same  screw- 
thread.  Much  trouble,  indeed,  will  be  saved 
if  the  chemical  student,  in  the  getting  up 
of  his  laboratory  requisiteSi  takes  care  to 
have  but  one  screw-thread  pervading  all  his 
apparatus  in  which  a  screw-thread  ooonrs. 
Fig.  A.  By  attending  to  this  precaution,  it  is  aston- 

ishing how  much  expense  and  trouble  may  be  avoided. 
'  ^  A  lot  of  stop-cocks,  with  their  accompanying  connecters,  is  represented  in  the  cut 

annexed.    It  may  here  be  proper  to  remark,  .  ^^  _^____^ 

that  in  screwing  together  any  combination     -rf>^-j]>|rU#      <l3v^f— *<JSft: 

of  apparatus  intended  to  be  ultimately  made     '^■■i"^^P^»'^WP"%'^flF 

air-tight,  the  tightness  is  not  attempted  to  be  given  by  any  accuracy  of  the  screw-' 

|MM|  thread  itself,  but  by  little  collars  of  leather,  card,  or  india- 

a  ^k^      (        rubber,  well  oiled,  and  bearing  against  the  shoulders  of  the 

¥n^M   \^k|       apparatus  a  b.    These  little  collars  require  a  punch  for  their 

h1^^L|^^^       manufacture  to  cut  the  central  holes,  and  neat  operators  will 

also  employ  a  second  punch  to  cut  the  external  contour ;  but  the 

latter  part  of  the  operation  may  be  accomplished  by  means  of  a  knife  or  a  pair  of  scissors. 

Another  plan  for  obtaining  a  jet  of  gas  (Figa  B)  involvios 
the  use  of  a  moistened  bladder,  or  a  bag  of  india-rubber 
materiaL  It  is  scarcely  necessary  to  mention,  that  the 
flaccid  receiver  in  question  must  have  securely  tied  into 
its  mouth,  by  means  of  waxed  thread,  a  brass  connecting 
piece,  which,  being  done,  the  method  of  filling  it  is 
easy  by  the  process  represented  in  the  annexed  cut. 
When  filled,  the  bag  is  to  be  unscrewed  from  the  bell  jar, 
a  jet  attached,  and  the  gas  employed  according  to  the 
nature  of  the  desired  experiment. 

By  fax  the  most  eligible  means,  however,  of  obtaining 
a  gaseous  jet,  if  the  operator  possess  a  gas-holder,  or 
gasometer,  is  by  employing  that  useful  instrument. 

Fig.  C  represents  a  gas-holder  of  japanned  tin-ware. 
To  employ  it  the  following  operations  must  be  gone 
th)xnigh  :-^The  cap  e  being  firmly  screwed  on,  and  the  stop-  Pig.  b« 

cooks  S  and  S'  opened,  water  is  poured  into  the  reservoir  B,  when  it  is  evident  that  the 
water,  by  descending  through  the  stop-cock  S  to  the  closed  reservoir  G,  will  ultimately 
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fill  it.    The  Btop-oocks  S  and  S'  aie  now  to  be  Bhut,  and  the  cap  0  unaorewei^    The 

generated  gas  is  now  to  be  liberated  through  the  apertare 

at  e  into  the  yessel,  which  it  will  ultimately  fill,  the  ohaige 

of  water  mnning  oat.    When  quite  fiill  of  gas— or,  in 

other  words,  empty  of  water— 4he  cap  «  is  to  be  securely 

screwed  on,  and  tiie  apparatus  is  ready  for  application. 

Supposing  that  application  to  be  the  production  of  a  jet,  il; 

is  accomplished  by  pouring  water  into  B,  and  opening  both 

stop-cooks,  when  a  current  of  gas  wiU  evidently  escape 

through  S'. 

Having,  by  dther  of  the  contrivances  detailed,  suc- 
ceeded in  procuring  a  jet  of  hydrogen  gas,  let  the  jet  be  ^■^■^■^■a 


M 


ignited,  and  let  the  student  observe  how  deficient  it  is  in  Fig.  C. 

luminosity. 

Ohnmleal  &Mnilt  «f  tlie  Combusttoa  ^  Hydxogea  In  Ozygeiu^I^  over 
any  conveniently-arTanged  jet  of  burning  hydrogen  gas,  a  dry  bottle  or  receiving-jar 
be  held,  the  interior  of  the  jar  or  bottle  wiU  speedily  be  dewed  by  moisture— that 
moisture  is  deposited  water,  from  which  we  arrive  at  the  conclusion  that  water  is  ft 
result  of  the  combustion  of  hydrogen  gas  in  atmospheric  air.  But  atmospheric  air  is 
composed  of  oxygen  gas,  and  another  gas,  not  yet  treated  ot-^Nitrogtn,  Now,  it  is 
the  03[ygen  part  of  the  air  which  supports  combustion ;  and  hence  it  follows  that  water 
results  firora  the  oombustioii  of  hydrogen  and  oxygen  gases. 

To  demonstrate  this  proposition  rigidly,  it  wUl  be  necessary  to  work  .with  gases 
artificially  dried,  and,  of  course,  to  employ  the  mercurial  pneumatic  trough ;  a  Caven* 
dish's  eudiometer,  an  air-pump,  and  electrical-machine  will  be  also  necessary. 

The  steps  of  the  operation  are  as  follow :— First  screw  the  eudiometer  firmly  upon 
the  plate  of  an  air-pump,  and  exhaust  ^e  ajtmospheric  air  which  it  contains.  Then 
turn  the  stop-cock,  and  Attach  the  eudiometer  to  a  receiving-jar,  standing  over  mercuxy, 
and  filled  with  a  mixture  of  two  parts  by  measure  of  hydrogen  gas  and  one  of  oxygen. 
Now,  throwing  open  the  communication  between  the  eudiometer  and  jar,  it  is  evident 
that  the  former  wiU  become  filled  with  the  mixed  gas ;  and  here,  assuming  all  the 
atmospheric  air  it  originally  contained  to  have  been  absolutely  removed,  this  part  of  the 
operation  might  end.  However,  in  practice,  it  is  impossible  to  effect  at  once  the  extraction 
of  aU  the  atmospheric  air ;  consequently  the  exhaustion  process,  by  means  of  the  air-pump, 
wiU  have  to  be  repeated,  and  the  eudiometer  connected  with  the  mixed  gas  as  before. 
When  filled  a  second  time  the  eudiometer  must  be  removed  from  the  jar,  screwed  upon 
its  own  foot,  as  represented  in  the  diagram  at  page  231,  and  the  contained  gases  fired  by 
means  of  an  electric  spark.  The  eudiometer  will  be  now  dewed  with  moisture  internally, 
and  will  contain  nothing  except  this  moisture,  as  admits  of  ready  demonstration  by 
opening  its  stop-cock  imder  the  surfsu^e  of  mercury,  which,  rushing  up  into  the  vacuum 
created,  will  fill  the  vessel.  For  this  capital  demonstration  we  are  indebted  to  Cavendish. 

Sffacts  of  BsrAzogen  Bnmiiig  In  Ataaosphoiic  Alx. — On  causing  the  ear 
to  approach  one  of  these  burning  jets,  a  series  of  explosions  may  be  heard ;  but  a  far 
better  means  of  rendering  them  evident  is  as  follows :— Take  a  glass  tube,  open  at  both 
extremities,  hold  it  vertically,  and  cause  the  hydrogen  flame  to  bum  a  little  way  up 
the  tube.  By  adjusting  the  tube,  and  allowing  the  jet  to  bum  at  different  points  of 
elevation,  the  point  will  most  likely  be  discovered  at  which  the  glass-tube  will  be 
caused  to  emit  a  musical  sound.    If  the  first  tube  employed'  should  not  answer  the 
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puiposd,  oKilien  may  be  tried.  The  arasioal  somid  in  quertioii  nndte  fiom'vibraliaiis 
generated  by  the  series  of  little  ezploeioiu.  Instead  of  glass  tu^  wine  toMDB"  or, 
perhapi,  still  bettei;  soda-wftter  bet(Jes--4Bity  be  eubsfitnted. 

A  Thmmg  Jet  of  Hydrogen  €ht$  may  h$  imoretued  in  Lumimmty  6y  ike  preBemoe  q/ 
IneangeeeentSoHdFttttieles.—Omgbnct  a  amidlsi«v«  of  win  gttuee,and«ttscht(»ita  stiel:, 

as  tepreseoted  in  tiie  diagram.  latothis 
aiete  plaee  a  little  of  the  povdened  sob* 
Btsaees  ^^sently  to  be  described^  and 
cause  the  sabftimce  to  fall  in  showers 
upon  the  gas  jet  by  striking .l&e  handle 
of  the  flie?«  with  a  amall  tnaJlet.     . 

Okareoal  iV)tMi^.--*No  aooner  floes 
the  material  tooeh  the  ilame  thsn  dte 
amount  of  light  eyolved  from  the  laitet 
is  greatly  tnereased;  hok  tiee  VB8«lt  is  a  inixed  ease,  iBassMuih  as  ehswMd  powder 
is  itself  combustible. 

Limef  Magnedoiy  Alumtut.^On  subetifnting  either  of  these  bodies  fx  the  ehaxooal  In 
the  preceding  experiment,  an  increase  of  luminosity  also  results,  and  tSie  «fieet  b  in 
nei^er  of  these  cases  due  to  combustion.  These  experiments  illustrate  the  conditions 
which  require  to  be  ftdfilledin  imparting  luoanosity  to  flam^.  Thepv^senoe  of  inosn* 
descent  solid  particles  is  absolutely  necessary  to  that  result. 

Influence  of  flnely-MwIded  nattevm  upon,  a  JM  ^  Sydsregen  41Nm« 
—By  finely-dinded  platinum  is  meant  not  iUings  of  that  metal,  or  any  »eehaaical 
preparation  of  the  same,  bat  one  of  two  substanoee  knewn  respedti^rely  as  epongy 
platinum,  -and  platmum  black ;  both  of  them  will  be  foUy  deseribed  hegeaftor  nndar 
Ac  head  of  ptMkium,  It  suffioes  here  to  indicate  ^e  existonoe  of  these  bodies, 
and  their  applicability  to  onr  present  wants.  Both  spongy  platimiBi  and  ^bstintun 
blade  are  endowed  with  lite  property  of  causing  a  jet  of  hydrogen  to  iniame  when 
held  in  the  latter.  For  con^remenoeof  manipulation  it  is  usoal  to  mix  the  comminuted 
metfd  with  a  certidm  amount  of  clay  and  sal-ammoniao,  to  moisten  tibe  whole  with 
water,  and  to  mould  the  pasty  result  into  little  balk,  each  about  the  dimensions  of  a 
pea.  ^  These  clay  platinum  balls,  after  ha^g  been  heated  t«  redness,  are  ready  for  the 
purposes  of  experiment. 

Experiment  1.  Lay  hold  of  one  of  Hiese  litUe  balls,  by  the  aid  of  a  loop  of  plati* 
■am  wire,  and  hold  it  in  a  jet  of  hydrogen  gas.  The  pellet  soon  growl  incandes- 
cent, eren  to  whiteness,  and  the  gas  inflames.  In  like  manner,  these  little  pdlets  may 
he  employed,  instead  of  ^e  electric  spark,  for  causing  ^e  union  of  mixtores  of  oxygen 
and  hydrogen,  mixed  or  unmixed,  with 
6&er  gaseous  bodies.  Frequently,  too,  they 
admit  of  employment  under  circumstances 
w9ieQ  the  electric  spark  would  be  inappU- 
oable.  For  example,  it  has  already  been 
mentioned  that  the  exact  ratio  of  combina- 
tion for  oxygen  and  hydrogen  gases  to  form 
wat^ff,  is  two  measures  of  hydrogen  to  one 
of  oxygen.  This  ratio  may  be  varied  to  some 
extont  in  eiiher  direction— that  is  to  say, 
either  an  excess  of  oxygen  or  of  hydrogen,  within  given  limits,  may  be  employed,  and  < 
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thB-€iflBtoionwit-iiatQi  tdbutewi,  tke  om^w  «f  either  gas  ranuBing  tmeoinliuied ; 
bat  if  tfaD  Mimeft  imtia  of  ateixtwe  be  ciiiiiiihii  ■My  dofnted  £ram,  elsetndty  e<n  be 
310  knser  nsed  as  tiM  nembinMig  sgeot,  snfl  41b  eKperiamtd  <^eAiit  mxmX  iurre 
tiJMHsirfii««gypli«iaiiiik  He  dxiee  lihii  n  Ife  Mlowing  msinfir  :~-Tfao 
<f  gues  bemg  aoadfanedin m tabe, <Qr  skiail  jar,  ever  mereny,  one  or  momof 
•tibe  JIttb  Uii,  pieiJB—if  ipntodai  a  i^pfiit-iniip  ilanai,  is  •pushed,  by  aema  of  a  pi»r 
«f  iHcepa,  nwderaeMtik  Ifca  fflsftoe  «f  tke  ttttie  teoerriBg  vonel,  fna^^NMrted  onrer  a 
mnmamX  tnaigb,«nd  aUowvd  te  ziae  an  cwrtiat  with  tbe  «w.  Iliis  Mng  'do&e, 
^wwbiitioa  gapidly  takea  ylioe. 

«%A%  LunUnoiUy  develops  much  Emtt-^^iB  impositiim  msy  be  deteflWtmted  iy  iMldmg 
m  fiebe  of  f^aiai  tidnig  in  the  igoited  jot,  «id  notienig  die  it^itdlity  idl^  whwh  tt  <uses. 
jL  J9t  ^  Jb^kmmd  Myir^en  erne  Mm  it$  ib^Hnff  JPawre  gr^atlg  m&reased  by 
fttowyb  itnUt^f  afj»an.^iam  nay  ^  leadfly  de- 
by  ft  «aiitri«aMfee  of  tke  feHiMriAg  dMoiiptioM. 
Let  A  zefveaeak  •  vextiMd  fet  ^A  bjdrogM  gu,  ead  B  a 
-hotaioa^dly  amaaigad  jet  of  oac^i^ii.     »y  eoiBbttdiig  tbe         -^  ^^ 

«vs  ike  ^iM  ygSSi  be  IwHt  from  iite  mnnaii!  eoaree  «e  tflie 
dieestaon  .0,  «t  iriiJRsk  point  the  meet  epleftdid  efetsts  of  ootn^ 
biution  may  be  ptfoattoed.     Jkn  inm  nafl  faeld  tbere  srpeed^  A  < 

vel(%  aoavea  4ew  a  tobaooe-pi^  or  ollMr  fieee  of  eatllienware. 

A  certain  Elevation  of  Temperature  i^  neceesaty  to  the  EotOgme  »f  lPhfi^-^^M& 
proposition  is  not  only  true  as  regards  the  flat&e  of*  b«ira^  hydtogeft,  but  if  all 
flame  whateyer.  Now,  bowerer,  ie  a  fiJUang  opportunity  for  iUttitratkig  the  geaetal 
proposition. 

Having  bent  a  length  of  strong  bi*H  wire  into  the  Ibna  <tf  a  r^  «» ^one  «i1»eiBi%;f , 
lower  the  ring  part  on  the  flame  of  a  small  waartaper :  tbe  flafne  wilt  bd  inoii^ble  of 
passing  throu|^  the  ring  if  the  latter  be  sufficiently  smidi  \  b»t  a  oensideiable  amoufit 
of  faliginoan  matter  will  ascend  through  the  ring,  and  aiay  bo  re^gidfeed  abot*e  it- 
By  substituting  a  jet  of  inflamed  hyckogen  gas  for  the  •  taper  flaCliie^  a  19k»  r^to«lt 
vill  ecqieryeKe.  '  In  eoaeet^eMe,  bowerer,  of  the 
veaibastijMi  «f  bylrogea  gifing  tise  %o  tuo  fUliginoos 
natter,  one  phaoie  of  ibe  pNrndcn  esperHMat  will 
ceeae  io  be  obnoas*  lly  diawlaifthl)^  the  ^ise  of 
tiie  ring,  and  iiiteg  netoral  a^  tbe  latter^  tbe  wire 
employed  may  be  of  slighter  diiOfteter;  and  as  the 
ahape  of  the  apertuM  is  «f  %♦  doaee^tteaee,  the 
nnteiaal  irii»*gma  anggasts  itself  as  being  the  most  iooayeiiieiMt  means  of  pro- 
duBiag  tbe  desired  remilt.  Z^  liien,  a  pieee  of  wire-gaufee  be  held  orvet  ^  'flottfe  ' 
•of  a  taper,  ©f  a  spirit  limp,  of  hydrogen,  or  indeed  over  any  il«Me  whatever,  ; 
ire  sbaii  iiad  that  the  wii«*gauze  c^ctaally  prevents  it«  transttiiseion.  .This  «6Sdct 
is  referable  to  tiie  cooling  Agcnoy  of  the  metal  of  whieb  the  ring,  or  net4ike  soreen, 
is  &rnMd^  and  adadts  of  several  useful  appUoations^  as  will  be  presently  seen. 

A  Misture  of  Ossyym  ^nd  Mydreipei^  0<mm  in  due  J*r9f?ortiene  t>  ^ptesive.^ln 
an  expetimeat  detailed  at  page  231,  when  two  pans  by  measure  of  hydrogen 
with  one  by  meaeiire  of  oxygen  were  coofined  in  tbe  eudiometer  of  Cavendish,  and 
find  by  means  of  an  eleetrie  epsrk,  peifeet  and  instantaneous  oombination  of  the 
two  resulted ;  but  inasmuch  as  the  mixad  gas  was  securely  confined,  the  tmion  was 
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not  attended  by  explosion.  If,  however,  a  similar  mixture  be  now  pr^ared,  traniferrcd 
to  a  strong  soda-water  bottle,  and  a  flame  brought  near  to  the  month  of  the  latter, 
there  will  be  a  violent  explosion ;  and  here  it  may  be  useful  to  obsorve,  tfaftt  explosion 
is  nothing  more  than  the  result  of  a  series  of  waves  developed  suddenly  in  any  gaaeoos 
medium.  Whenever  the  phenomena  of  combustion  are  raised  to  their  highest  degree  of 
energy,  and  the  'resulta  of  such  combustion  are  gaseous  or  vaporous,  explosion  is  the 
univtt^  concomitant.  Explosion  is  so  usually  associated  with  combustion,  that  we 
are  apt  to  assume  a  necessary  connection  between  the  two :  this  supposition,  however, 
would  be  incorrect.  The  only  condition  necessary  to  explosion  is  the  occurrence 
instantaneously  of  violent  aerial  concussions.  A  well-known  instrument  termed  the 
bia4der-fJaas  demonstrates  the  truth  of  this  assertion. 

The  bladder-glass  is  an  instrument  something  like  an  old-fashioned  salt-cellsr  in 
shape,  but  open  at  each  end.  Over  the  larger  orifice  is  securely 
tied,  by  means  of  waxed  thread,  a  piece  of  moistened  bladder, 
which  latter,  so  soon  as  it  is  dry,  constitutes  a  hard,  tense  drum- 
head in  miniature.  If  a  bladder-gLass,  thus  duly  prepared,  be 
laid  flat  on  the  plate  of  an  air-pump,  its  smaller  orifice  down- 
ward, and  the  pump  set  in  motion,  a  vacuum  will  be  created  within,  and  the  full  force 
of  atmospheric  pressure  will  take  place  externally  on  the  tense  membrane.  Usually 
this  atmospheric  force  suffices  to  break  the  membrane  with  a  loud  crash* 

A  very  elegant  means  of  showing  the  explosive  nature  of  mixed  oxygen  and  hydrogen 
gases  is  by  inclosing  portions 
of  it  in  soap-bubbles,  and  set- 
ting fire  to  the  ktter.  The 
apparatus  for  accomplishing 
this  result  is  exceedingly  simple 
—a  bladder,  with  stop-cock 
and  tobacco-pipe  attached,  and 
a  basin  of  soap-suds,  being  all 
the  experimenter  requires. 

When  a  pyramidal  assemblage  of  soap-bubbles  have  collected  on  the  surface  of  the 
soap  solution,  and  the  bladder  has  been  removed,  the  pyramid  may  be  ignited  by  means 
of  a  taper.  A  very  loud  explosion  results,  but  the  experiment  is  free  from  all  danger. 
Inasmuch  as  the  mixed  explosive  gases  are  lighter  than  atmospheric  air,  bubbles  blown 
with  it  may  be  detached,  when  they  will  rise  towards  the  ceiling,  and  may  be  ignited 
in  their  upward  flight. 

The  exploave  qualities  possessed  by  a  mixture  in  due  proportions  of  oxygen  and 
hydrogen  gases  supplies  us  also  with  the  rationale  of  the  explosive  nature  of  a  mixture 
in  certain  proportions  of  oxygen  gas  and  atmospheric  air.  Although  a  consideration  of 
the  nature  and  qualities  of  the  atmosphere  only  admit  of  being  fvJly  discussed  sub* 
sequentiy  .to  the  investigation  of  nitrogen,  nevertheless  the  student  having  been 
already  informed  that  the  atmosphere  is  a  mixture  of  oxygen  and  nitrogen,  will 
comprehend,  without  difficulty,  the  signiflcance  of  certain  remarks  about  to  be 
made.  So  long  as  hydrogen,  either  unoombined  or  in  union  with  carbon,  is  burned  as 
it  escapes  from  a  jet,  no  explosion  can  result ;  but  if,  instead  of  burmng  at  once,  it  be 
mixed  with  atmospheric  air,  then  explosion,  on  the  application  of  flame,  is  imminent. 
Such  dangerous  mixtures  frequentiy  occur.  Thus,  for  instance,  a  flaw,  or  aperture, 
may  occur  in  an  ordinary  gas  pipe,  permitting  the  escape  of  gas  into  an  apartment, 
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under  which  conditions  explosion  would  probably  result  from  bringing  a  lighted  candle 
into  the  room ;  but  a  far  more  dangerous  contingency  follows  the  mixture  of  hydro- 
genous gas  with  atmospheric  air  in  tho,  narrow  galleries  of  a  coal  mine.  Acres  of 
explosiTe  gas  may  there  be  generated,  waiting  for  the  approach  of  a  flame  to  ignite  and 
work  its  desolation.  A  natural  ezplosiye  mixture  of  this  kind  is  known  to  millers  as 
the  fire-damp,  and  its  effects  are  unfortunately  too  familiar  for  comment. 

Now  it  is  only  possible  for  tie  coal-miner  to  carry  on  his  operations  by  the  aid  of 
artificial  light,  and  it  is  of  the  utmost  importance  to  be  possessed  of  a  means  of  illu- 
mination that  shall  be  incapable  of  exploding  the  artificial  mixture.  The  first  resource 
of  this  kind  which  suggested  itself  to  the  miner  was  the  tteet-miU^  as  it  is  ordinarily 
termed.  It  consists  of  a  steel-cylinder  made  to  revolye  in  contact  with  a  piece  of  flint. 
The  oonsequence  of  this  motion  is  a  shower  of  sparks ;  and  as  flame  is  absolutely 
necessary  to  the  explosion  of  fire-damp,  the  steel-mill  admits  of  being  worked  with 
impunity.  Unfortunately,  however,  the  illuminating  power  of  this  instrument  is  but 
small,  and  its  use  is  otherwise  inconvenient..  Next  foUowed  the  celebrated  lamp  of 
Davy,  ordinarily  known  as  the  Davy  lamp,  the  principles  and  construction  of  which 
will  be  rendered  evident  by  a  few  words  of  explanation.  A  sheet  of  wire-gauze  we 
have  already  seen  to  be  an  impediment  to  the  transmission  of  fiame.  The  idea  occuned 
to  Davy,  that  if  a  lamp-flame  were  to  be  altogether  surrounded  by  a  cage  of  wire 
gauze,  such  a  lamp  might  be  allowed  to  remain  in  an  atmosphere  of  explosive  gas  with 
impunity.  Davy's  opinion  is  confirmed  by  practice,  so  long  as  the  mixture  of  explosive 
gases  remains  perfectly  tranquil ;  but  the  circumstance  cannot  be  too  strongly  insisted 
on,  that  imder  these  conditions  alone  of  perfect  tranquillity  is  it  safe.  It  is  also 
somewhat  unfortunate  for  the  posthumous  fame  of  Davy,  that  He  knew  the  lamp  to 
be  unsafe ;  indeed,  in  one  of  his  descriptions  of  the  lamp,  he  intimates,  that  if  the 
miner  should  oome  near  a  current  of  gas,  he  should  protect  the  lamp  by  his  hat. 
Notwithstanding  the  frequent  accidents  which  have  ooouired  concomitantly  with  the 
use  of  Davy's  lamp,  a  notion  far  more  general  than  it  is  just  still  prevails,  that  the 
instrument  is  safe  under  all  circumstanoes. 

Unquestionably  the  lamp  admits  of  being  made  safe  by  application  of  the  principle 
80  beautiftiUy  worked  out  by  Davy--viz.,  that  fiame  of  any  power  may  be  extinguished 
by  the  intervention  of  tubes  or  orifices  possessing  a  competent  amount  of  cooling 
surfece ;  but  the  melancholy  experience  of  nearly  forty  years  has  amply  demonstrated 
the  small  amount  of  relianee  that  should  be  placed  on  a  single  layer  of  wire-gauze.  As 
regards  the  facility  with  which  flame  may  be  made  to  pass  through  the  wire-gauze 
cylindrical  screen,  the  records  of  numerous  coroner's  inquests  bear  striking  though 
melancholy  testimony.  Miners  have  discovered  the  fetal  secret  of  sucking  out  tiie 
flame  by  means  of  a  tobacco-pipe,  for  the  purpose  of  indulging  in  the  luxury  of 
smokiDg! 

The  Oxyhydiogen  Zight.— We  have  already  seen  that  a  very  powerful  flame 
results  froipL  the  passage  of  a  jet  of  oxygen  gas  through  an  ignited  jet  of  hydrogen ;  still 
more  powerful  is  the  flame  if  the  two  gases,  in  due  proportions,  are  mingled  together. 
Various  plans  have  been  devised  and  carried  into  execution  for  effecting  this  without 
danger.    Some  of  these  I  shall  now  proceed  to  enumerate. 

&ume^9  SydrO'Oxygen  Blowpipe, — ^Taking  advantage  of  the  fSEUst  which  we 
have  already  mentioned,  that  flame  is  retarded  by  the  intervention  of  a  sheet  of 
wire-gauze,  Mr.  Goldsworthy  Gumey  imagined  that  several  layers  of  wire-gauze 
might  even  be  efficient  in  diecking  the  progress  of  flames  resulting  from  tho  com- 
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bogtion  of  osgrgea  and  hydrogen  gMes.  Tbe  result  juftified  iiii  ez^eoUfttona,  and 
Gumey's  hydso-^QzygGQ  blowpipe  u  mado  in  ooDfonniiy  witb  the  principle  in  qanstion. 

The  j&lety  part  of  Mr.  ^Survey's  inetnuaoBt 
ooMiatii  of  A  bnas  cylinder,  into  wJiioh  m 
many  k^Fsn  u  it  will  bold  of  «eoiiraftely« 
fitting  wii«?fa»iEe  dites  are  tigbUy  imparled. 
Tbe  Teeorvmr  part  of  the  inatrament  admits  of  muel  Tanatian.  Itmay  eoftuitof  an 
t>x-bladder,  or  a  gaaomietari  or  .an  ladia-cubber  bag.  He  Oumey  profeaed  thp 
fonner. 

Mmun^s  Bt^tp  Ap^tit^w iteibm-  moie  smple,  tnd  it  nay  bo  mote  iBree  from 

danger,  is  the  safety  appaimtas  of  Mr.  Hemming :  it  oonciste  of  a  brass  cyUndiTfial  box 
filled  with  pieces  of  brass  wire,  eacb  of  tbe  aeme  feogUi  aa  ifesslf ,  and  tii^tly  impaotad 
to^t^er  by  means  of  a  metallio  ajNndle,  driren  by  bammering  through  its  central  axis. 
The  resalt  of  this  arrangcmeBt  will  evidcnOy  be  a  aeries  of  tubular  oriikes,  detennuML 
by  the  intentioes  befcwoen  the  associated  wires. 
Far  more  usual,  however,  is  it  at  present  to  rely 
on  safety  against  explosion  by  retainittg  flie  gases 
«ach  in  its  own  reservoir,  and  miziBg  them  in  one 
eomvoion  dbanael  a  little  posterior  to  the  jot    The 

aooompaayittg  diagram  iUtisliMileB  tbid  focm  of  4»oii^ 
atmotion. 

Ths  oKyhydrogen  flamo  is  but  atigbtly  luminous  in 
itself;  but  when  caused  to  play  upon  certain  solid 
bodies,  mora  espeoially  liuM^  the  Ug^  9Vsolved  ia 
stronger  than  almost  ai^  with  which  ^hemiata  ar0 
acquainted.  Cylinders  of  liaae  are  'omaflj  tfmplcyed 
for  this  purpcae;  and  the  cembiiuitioneYolyes  what  is  usually haovii  as  tfae iVtMnmoatf 

Aelation  of  Kydxogen  Gas  to  Soumdr^^Ul  bodiesi  whether  solid,  liquid,  n^ 

gaseous,  are  eapaUe  of  traxismitting  sound;  but  the  pitch  of  the  sound,  or  its  muaical 
tone,  will  depend  upon  the  denedty  of  the  material  through  which  .it  is  traimwittedt 
All  our  common  ideas  of  sound  have  reference  to  &tiaM>^eric  air  as  the  conductiB^ 
medium ;  it  is  instruetive,  theiefere,  to  ascertain  the  properties  of  a  gas  so  Ught  and 
rare  .as  hydrogen,  when  made  to  assume  liw  fonetioDs  cf  lAmospheriic  air  in  this 
respeot. 

AUemHan  of  the  I^man  Voin  by  Jrydho^Mi.->->Hydrogen«ga8  is .  totally  unable  to 
flttppoct  the  functions  of  rei^aration ;  nevertheless,  it  may  be  breathed  once  or  tiHce 
consecutively  without  damage  to  the  constitutian,  or  the  production  of  any  unpleasant 
symptoms.  If  a  prolonged  expiration  be  made,  so  as  to  expel  as  much  sA  posaibie 
ordineiry  air  from  the  lungs,  and  a  full  inspiration  of  hydrogen^gaa  be  talfen  fann  a 
bag,  Uadder,  or  any  other  convenient  form  of  receiver,  the  cxperimentidist  will  fiad^ 
on  speakiag,  that  the  character  of  his  voice  has  totally  changed*  In  conducting  this 
experiment,  absolutely  pure  hydrogen  id  unnecessary ;  but  the  isino  employed  in  the 
operation  of  making  it  should  at  any  rate  be  moderately  free  from  arsenic  and  snlpkitTi 
I  have  performed  the  experiment  several  times  wifii  hydixtgen,  prepared  by  means  of 
the  ordinary  commercial  einc,  and  with  no  unpleasant  effect.  The  experimentalist 
may  vary  the  demonstration  by  endeavouring  to  pby  on  any  wind  musical  instrument, 
or  by  blowing  a  whistle. 
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A  ii8ry  ekgttt  pvooess  f»r  ifinrtnUlng  l^e  aooufltie  iii»petti«B  «f  faydrogen-gas  is 
by  meat  «f  a  bell.  .  it  10  u  foUovt  :-- 

fittspesd  a  reoei^rin^gUes,  at  i<eprMpe]it6d  i&  the  cfaignuM,  and 
fill  xt-witik  hyidhNigea  by  tho  (Meets  of  du^laeemeitt^tiuit  it 
l2>  my,  by  Mbecating  iSie  gae  undenMafli ;  l3ieii  take  a  bell 
attached  to  a  slender  it»d  of  metal,  immeree  du  bell  la  ^e  gat, 
totdetrikB-'sirith^littieliaiBner.  Theeonddof tiMteawiilbe 
fyasaH  -to  differ  very  mocb  from  tiie  eoimd  it  ntcturaliy  emits 
friiea  erased  to  ring  in  atmospheric  air. 

CemMiiatlfliii  tf  VgrikogeiL«i!l&  -Qxys0m«---fiydr(>' 
(^ea  and  ozy^gea  «mite  in  t«ro  praportieoi,  forming  respectiTely 
&e  j»r«taBK2s  (-vater)  and  &e  jwraacwfc  of  bydsegea. 

PJWTOXIDS  OF  JKXOJUWEN  (WATim). 

Gttisi. 
Weight  of  100  cubic  inobes  at  62*"  Fah.  =  2$2'458. 
Ditto  ditto  at  60^  Fab.  =  252-5. 

Atomic  or  equivalent  weight  =s:  9. 
Atomic  or  eq^uiralent  yolumo=: 


ij 


it  bat  been  already  nm/eH  (p.  88}  tltat  water  it  a  eonipMsdl  of  oatygen  and 
liydrof^  gates,  in  1^  pio^ovfiion  ef  «ae  teiixme  ef  tbe  li»rmer  to  t«ro  of  tiie  latter. 
Henee  tbe  eoiu^bznatioii  admita  of  being  tymbdlietUy  indiettod  by  tbe  IbUwiring 
tabeme:*** 


H 


H: 


=  Water. 


NoaTi  inatmnch  as  the  atomic  or  eqairalent  volume  of  hydrogen  ia  ^double  the  size  of 
tbe  atoBue  or  equiyaleat  volume  of  osygea,  it  ibllows  that  water  is  a  <iompound  of  one 
atom  or  equivalent  of  each  of  its  eonstituentt ;  ior  which  xeaaon  it  may  be  indicated  by 
the  symbolic  xepreeeiKtaiiion  of  HO. 

To  direct  the  reader's  attention  to  the  immense  importance  of  water  in  the  economy 
of  nature,  would  be  a  matter  of  piire'superer(^;atiom  SudOSxse  it  to  remark,  that  it  is  a 
constituent  of  every  organised  being,  whether  vegetable  or  animal— 4hat  it  enters  into 
the  eompoflition  of  numerous  mmerala.  About  nuie*tentbs  of- our  own  bodies  are 
water;  and  in  certain  forms  of  animal  lz£e--«the  Medwuei  £)r  instaace-^it  exists  in  a 
much  larger  proportion,     . 

Although  water  is-60  widely  distributed  throughout  the  world,  it  Ss  never  found 
pure*  Owing  to  the  properties  of  this  liquid  as  a  solvent,  it  takes  up.  by  percolation 
through  the  soil  numerous  adventitious  bodies.  F^ven  rain  and  snow-water  are  far 
from  pure :  not  only  do  they  contain-  adventitious  aubstanoes  derived  from  the  solid 
materials  with  which  they  may  hare  come  in  oontact,  but  they  hold  in  solution 
variable  quantities  of  matters  which  might  be  little  e2^>ected,  such  as  nitric  acid, 
ammonia,  and,  if  recent  experiments  are  to  be  trusted,  iodine.  Nor  should  it  be  Jfor- 
gotten  that  water,  even  when  puiified  from  every  kind  of  solid  matter,  may  hold 
impuntiee  of  another  kind— gases  or  air.  Certain  gaseous  bodies,  such  as  ammonia 
and  hydrochloric  acid  gas,  are  absorbed  by  water  witii  such  energy  that  the  pneumatic 
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trough  does  not  admit  of  being  employed  for  collecting  them ;  and  there  are  perhaps  no 
gases  whatever  that  cannot  be  absorbed,  to  some  extent,  by  water.  Atmospheric  air  is 
in  this  category.  The  quantity  of  it  capable  of  absorption  by  water  is  very  small ; 
neyertheless,  a  portion  is  thus  absorbed :  and  the  &ct  is  most  important  to  be  xemem* 
bered,  for  without  the  presence  in  question  of  atmospheric  air  theJimctions  of  aqueous 
respiration  could  not  be  performed  by  fishes  and  other  marine  animals. 

Although  water  never  exists  naturally  pure,  the  lands  of  impurities  are  almost 
infinite,  and  their  proportions  Tarious.  Absolutely  pure  warer,  though  &tal  to  aquatio 
animals,  because  it  is  unable  to  support  their  respiratory  fdnctions,  may  be  ingested  by 
aerial  breathers  without  appreciable  bad  results.  It  is  unpalatable,  howerer,  and 
perhaps  not 'very  condudve  to  health.  Impure  water,  therefore— using  the  tenn 
impurity  in  its  accepted  chemical  sense — ^is  best  calculated  to  fiilfilL  the  intentions  cf 
nature.  But  the  impurities  must  not  exceed  certain  limits,  or  the  water,  ceasing  to  be 
merely  dietetic,  becomes  medicinal.  Supposing  this  excess  of  impurities  to  be  of  a 
mineral  character,  as  is  usually  the  case,  the  designation  "  mineral  water"  is  applied. 

Division  of  Mineral  Watert, — ^Perhaps  the  most  conyenient  division  of  mineral 
waters  is  that  adopted  by  the  late  Dr.  Pereira,  in  his  '*  Elements  of  Materia  Medica." 
He  groups  them  into  the  four  classes  of  ehalybeaie,  sulphureous^  acidulous,  and  saUne. 

Chalybeate  waters  are  those  in  which  iron  predominates— for  the  most  part  in  the 
state  of  oxide  held  in  solution  by  carbonic  acid,  though  occasionally  the  acid  present  is 
the  sulphuric.  Sulphureous  or  hepatic  waters  owe  their  peculiarity  to  the  existence  of 
hydrosulphuric  add  (sulphuretted  hydrogen),  in  a  free  state,  or  to  the  presence  of 
various  easily-decomposed  sulphurets.  This  variety  of  mineral  water  may  be  known 
by  the  nauseous  odour  evolved— an  odour  similar  to  that  liberated  from  rotten  eggs; 
also  by  their  strildng  a  black  colour  with  solutions  of  lead,  silver,  bismuth,  and  various 
other  metals. 

The  acidulous  mineral  waters  owe  thdr  distinctive  peculiarities  to  the  presence  of 
carbonic  acid,  either  alone,  or  in  combination,  with  bases.  A  small  quantity  of  carbonic 
acid  gas  usually  exists  in  all  natural  waters— seldom  more  than  three  or  four  cubic 
inches  to  the  hundred,  whereas  the  richest  specunens  of  mineral  waters  acidulated  by 
carbonic  acid  have  more  than  200  cubic  inches  to  100  of  water.  According  to  Alibert, 
the  waters  of  St.  Nectaire  hold  no  less  than  400  cubic  inches  in  100.  Mineral  springs 
of  the  acidulous  class  are  not  unusual  in  Germany ;  but  that  of  Hkeston,  near  Notting- 
ham, is  the  only  one  we  have  in  England. 

Saline  mineral  waters  are  very  numerous  and  important ;  their  composition,  too,  is 
subject  to  more  variation  than  waters  of  either  of  the  prece^ng  classes.  It  would  be 
out  of  place  in  a  volume  on  Chemistry  like  the  present  to  treat  of  the  composition  of 
mineral  waters  more  fully,  or  describe  their  medicinal  virtues. 

Without  containing  a  sufficient  amount  of  adventitious  bodies  to  come  under  the 
denomination  "  mt««rar'— water  naturally  existing,  and  commonly  employed,  admits  of 
a  wide  range  of  variation  as  to  the  foreign  constituents  which  it  contains.  As  a 
general  rule,  water  drawn  from  a  well  or  spring,  is  fiir  more  charged  with  saline  impu- 
rities than  water  taken  from  a  running  stream ;  but,  on  the  other  hand,  it  is  usually 
more  free  from  organic  impurities  than  the  latter ;  hence,  spring  water  is  preferred  as 
a  drink.  When  employed,  however,  for  the  purpose  of  making  vegetable  infiuions— 
such  as  tea  or  coffee,  or  for  washing — any  considerable  amount  of  mineral  bodies  pre- 
sent in  water,  is  most  injurious,  giving  rise  to  the  quality  known  as  **  hardness.*' 
None  except  those  who  have  tried  the  experiment  can  imagine  the  efficacy  of  pure  or 
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distilled  water  in  eztractliig  the  Tirtaes  of  tea  and  coffee,  or  the  luxury  of  employing 
it  fbr  ablution. 

Method  of  Testing  the  lUrity  of  Water.— 'To  determine  the  exact  percentage  of 
foreign  materials  present  in  any  given  sample  of  water,  or  their  exact  composition, 
involves  a  chemical  analysis;  but  a  very  good  practical  notion  of  the  relative 
amount  may  be  derived  from  the  evidence  of  a  simple  test — a  solution  of  soap  in 
alcohol. 

To  prepare  this  test-liq[uor,  cut  portions  of  soap  in  small  pieces,  agitate  them  with 
alcohol  until  dissolved,  and  secure  the  solution  in  a  botUe.  If  a  littie  of  the  solution 
be  added  to  water  distilled,  or  absolutely  pure,  no  turbidity  will  result ;  nor  will  there 
be  any  perceptible  turbidity,  if,  for  distilled  watw,  rain  or  snow  water  be  substituted ; 
but  with  the  greater  number  of  samples  of  spring  water  a  visible  turbidity  will  be 
apparent. 

Pure  or  JHHUied  Water— The  only  methods'of  obtaining  water  in  a  state  of  absolute 
purity  are  its  synthetical  preparation,  by  causing  oxygen  aud  hydrogen  gases  to  unite, 
and  the  distillation  of  ordinary  water ;  the  second  method  is  alone'of  practical  importance. 
PemonB  much  engaged  in  the  performance  of  chemical  experiments  require  a  copious 
^wance  of  distilled  water,  and  usually  procure  it  by  the  operation  of  a  still  and 
condensing  worm,  the  construction  of  which  I  shall  presentiy  describe.  Frequentiy, 
however,  when  the  quantity  of  distilled  water  required  is  no  more  than  a  few  gallons 
per  week,  as  in  laboratories  of  mere  research,  the  necessity  for  a  stiU  may  be  altogether 
dispensed  with,  and  the  purity  of  the  distilled  water  assured,  by  utilising  the  heat  of 
Argand  gae(  flames  employed  for  the  purpose  of  illumination.  The  apparatus  required 
is  of  the  simplest  description ;  it  may  consist  of  a  large  glass  flask,  in  which  the  water 
is  evaporated,  and  a  large  botUe  iu  which  it  is  condensed,  the  necessary  connexions 
being  accomplished  by  means  of  glass  tubing  and  india-rubber  unions.  I  have  an 
apparatus  of  the  kind  in  my  laboratory ;  it  is  oonstantiy  at  work,  and  answers  exceed- 
ingly well.    The  accompanying  diagram  is  explanatory  of  its  construction. 

The  large  flask,  F, 
holds  about  a  gallon,  and, 
as  the  diagram  represents, 
is  supported  by  a  ring,  B, 
attached  to  the  wall.  The 
gas  flame  is  that  of  an 
ordinary  Argand  bum^. 
C  0  G  are  connecting 
pieces,  made  by  cutting 
off  small  lengths  of  vul- 
canized caoutchouc  tub- 
ing, and  joining  the  pieces 
of  glass  tubing,  G  6  G  G, 
together.    The  seemingly 

horizontal  porticms  of  the  glass  tube  are  suspended  at  a  convenient  distance  &om  the 
eeiting  by  lengths  of  string,  represented  in  the  diagram,  but  not  indicated  by  lettering ; 
in  reality,  the  portion  in  question  proceeds  with  a  slight  fall  in  the  direction  of  the 
arrows,  for  the  obvious  reason  of  determining  a  flow  of  condensed  water  in  the  required 
channeL  Every  portion  of  the  glass  tube  is  of  the  kind  known  as  quilled  glass,  not 
much  larger  in  diameter  than  the  stem  of  a  clay  tobacco-pipe.    The  receiver  is  made 
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of  a  large  druggist's  show  bottle,  around  the  ne^  oi  which  aome  folds  of  strong 
brown  paper  have  been  pasted,  for  the  purpose  of  imparting  roughness  of  sizr&oe,  ancE 
giving  &cm  hold  to  a  sheet  of  india^mbbert  wMch  has  been  tiefd  down  oy«r  the  mouth 
of  the  bottle  like  the  pardHa^it  head  of  a  dnun.  Thzough  the  indta^mbbcr  dnim-head 
three  small  holes  haye  been  pieceed  in  such  manner  as  to  enable  the  three  g^UuB  tiibes 
zepresented  in  the  diagram  to  be  passed  through,  air  and  steam-tight.  The  TOtical 
glass  tube,  Y,  rising  about  six  inches  above  the  india-rubber  drum-head,  and  passing 
almost  to  the  bottom  of  the  yeceivwy  is  for  the  purpose  of  eqiislitiii^  the  loesswe  of 
steam,  by  virtue  of  ordinary  hydrostatio  poneiples.  It  remaina  sow  to  be  eispIsaiMd 
that  the  quasL-hociwrntal  portioaa  of  thA  tubular  aaruigament  has  been  much.  sW^Tteaad 
in  the  diagram  for  the  sake  oi  ces^yemenee.  In  my  appHrffitos  it  is  tea  feet  long,  and 
might  be  eztsaded  86iU  farther  with  some  Uttle  adyantage,  iaaam^  aa  the  objest 
desired  is  to  cool  the  aqueous  vapour  by  mere  atmospheric  influences,  no  .astifteial 
cooling  agent  bttng  eknployed.  As  tegar^  Iher  m#thod  of  getting  ^«atc9f  out  of  this 
cbsed  Tooeiyer  when  required  it  is  aa  loUowa  ;--~A  ijpbon  <Kf  glass  tubo  hei^ 
an  india-mbber  ooDAeeier  ta>  a  vestieal  pieee  also  of  giass  tdbe,  tiM  latter  is  r^aaaad 
Ml  ntu  by  means  of  tba  wire  hook  A,  aad  so-  long  aa  thus  rotainad  it  is  eyidsni  that  no 
water  will  flow ;  biftt  if  tha  vertical  pieoe  be  k>wearad  in  tha  dirsctkin  of  the  dotted  lioaa 
tecminatiBg  at.G^,  aibd  suctioB  be  ai»plied  by  tho  lips,  a  current  of  water  wiU  OHiiie^ 
When  the  opeiatof  ia  desirens  of  eawng  the  fiofw  to'oease  ha  baa  only  t<»  lift  vp  the 
delivery  tube  to  ita  original  positioii,  aeeunng  it  by  the  wire  hook  A»  Tkia  ho^  it 
nniat  be  remarked^  ia  repieseiiled.  aa  tetaUy  sepanitad  ftesa  the  appamtus^  to  aw^oad 
oonf  usion  in  the  delineation.  A  oonflideratian.  oi  ordinary  hydrostatio  laws  w^  dmmmr* 
trate  that  ena  aspiration  will  serve  iot  an  iitdeflnite  period^  and  that  water  ean  be 
caused  to  flow  at  any  peiiiod  sniiseqiienit  to  tlse  fiist  opeiation  by  mei^  ioweiittr  the 
delivery  tube  to  the  diieetkm  of  O.  By  tka  abovv^mentioQad  arvaitgeBMnit  it  ft^ira 
that  the  distilled  water  oowtained  in  the  receiving  bottle  being  iaeUtsd  ts^m  eeotoet 
with  the  external  air  is  always  retained  in  a  state  of  puxity.  Were  iK  n0t  hr.  the 
protection  of  the  caoutchouc  drum-head,  carbonic  and  sulphurous  acid^  lesultiiig  from  the 
combustion  of  coal  gae^  also  various  mechanical  impurities,  wouldr  bo  absorbed,  thns 
rendering  the  water  impure.  .'T'^icliLer  the  preeeding  or  any  othar  form  of  distiUalory 
apparatus  be  employed,  neither  the  first  nor  the  last  portions  pi  st^am  nssblting  firom 
any  one  charge  of  water  should  be  collected :  the  former  are  liahlfa  to  bold  eertain 
gaseous  bodies  in  solution,  the  latter  empyreumatio  matters. 

![%e  StUL-^The  theory  of  distillation  is  exceedingly  simple.  JX  tnfty  be  defined  the 
operation  of  raising  volatile  substances  in  the  condition  of  YB;paoi»  a»d  condensing  the 
vapour  by  application  of  cold.  In  ita  meat  restricted  sense,  the  tenrii  '^  dMtillaiiam" 
applies  to  liquids  only  ;  the  term  '^aMmaiton'*  being  given  to  tho  volatKLisation  of 
solids,  and  the  subsequent  condensatiQik  odf  their  yapoor  into  the  scdid  lofm  enc^  mora. 
Both  conditions,  however,  are  frequently  spoken  of  as  "  distUhtim  i*'  and»  indeed,  the 
term  is  even  extended  to  the  evolution  of  gases  from  substances  oajnUa  of  yielding 
them,  though  no  subsequent  condensation  tidces  place.  On  the  krga  scale,  the  pioeess 
of  distillation  is  always  conducted  by  means  of  a  still  and  worsi>4Qb>  the  fbnaar 
generating  vapour,  the  latter  condensii^  it  The  eoiusbnietio&  of  stiUa  is  very  dlTexsi- 
fled,  but  the  still  in  ita  simplest  fofrm  ia  as  fottows : — 

A  i&  a  vessel}^  usually  of  tinned  coppery  into  which  fluid  intended  to  be  distSied  is 
poured  through  the  aperture  K,  the  latter  being  cloeed  dazing  the'epsaration  by  a  ascaw.^ 
B  is  the  head  or  capital  of  the  still,  tamporacily  attached  to  the  body  by  one  el  many 
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eontrlrances ;  such,  for  instance,  as  binding  screws,  a  ground  joint,  or  bj  the  inter- 
position of  a  paste  or 
lute.  C  is  the  beak  or 
spout  of  the  still,  termi- 
nating at  the  point  rf,  by 
which  it  is  connected  to 
tSie  worm  or  condensing 
part  of  the  apparatus. 
This  worm  is  a  sp&al 
tnbe  of  metal,  immersed 
in  a  tnb  of  cold  water, 
and  terminating  at  the 
stopcock  a.  The  function 
of  this  worm  is  obvious  : 
by  contact  with  the  cold 
water  contained  in  the 
tub,  its  heat,  and  conse- 
quently iSne-  heat  of  the 
steam  which  pervades  it, 

»  raptdiy-  absorbed,  and  thu9  condensation  of  the  yapour  is  aooompliihed,  wMch, 
assuming  the  Hquid  condition,  finally  runs  olF  through  the  stopcock  s. 

It  is  evident  that  the  perfection  of  the  cooling  instrument  described  aboive  wiU  be 
proportionate  with  the  amount  of  cold  that  can  be  apjdied  by  means  of  ^e  water  in 
fee  trrfr;  hence  it  follows  that  the  more  ra^dly  the  water  is  changed,  the  better  is  the 
result.  Moreover,  inasmuch  as  hot  water  is  speeifically  Kghter  than  cold  water,  it 
follows  that  the  contents  of  the  worm-tub  should  b«  drawn  off  as^  near  to  its  sui&ce  as 
possible,  and  should  be'  repleniAed  below. 

The  form  of  distillatory  apparatus  known  as  the  still  and  worm  is  very  Httle 
employed  m  chemical  laboratories  of  research,  except  for  the  purpose  of  distilling 
water ;  it  almost  exdnsiveiy  belongs  to  the  department  of  manuftcturing  chemistry. 
On  the  small  scale  the^  operation  of  distillation  is  usually  conducted  by  means  of  flasks 
and  retorts  attached  to  some  kind  of  eondensatory  apparatus.  The  various  necessitiea 
involved  in  the  course  of  distillatory  operations  require  numerous  kinds  of  appazatof 
for  effecting  condensation.  For  general  purposes,  however,  the  condenser  known  as 
Liebig's  is  unquestionably  the  best,  and  therefore  merits  a  special  description.  It  is 
constructed  as  follows : — 

Procure  a  tube  of  brass,  copper,  or  tinplate,  of  about  two  and  a-half  inolws  diameter, 
and  not  less  than  two  feet  long.  Occlude  either  end  of  the  metallie  tube  wife  an 
accurately-fitting  bung,  rendering  the  juncture  between  the  cork  and  the  metal  water- 
tight by  some  appropriate  lute. 
To  tills  end  there  is  nothing 
better  than  a  stiff  paste  of  white 
lead  ground  in  oil,  but,  as  it  is 
rafeer  long  in  drying,  a  lining 
of  sealing-wax  may  be  substi- 
tuted for  that  end  of  fee  tube 
which  will  be  furthest  removed  from  fee  retort,  flask,  or  other  distillatory  vessel,  and 
which  win  feerefore  be  fee  cooler  of  fee  two. 
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The  next  step  in  the  manufactuFe  of  Liebig's  apparatus  consists  in  boring  two 
lateral  holes  in  the  metal  tube,  one  near  either  extremity.  Into  each  of  these  holes 
solder  a  piece  of  gas-pipe  about  eight  inches  long ;  bend  one  of  these  pieces  into  the 
form  of  a  B3rphon,  and  solder  to  the  extremity  of  the  other  a  small  tin-plate  funnel.    It 

now  only  remains  to 
perforate  both  corks, 
and  to  thrust  securely 
through    the   pefora- 
tions  a  length  of  glass 
^  tube,  somewhat  funnel 
shaped  at  one  extrem- 
p  ity,  and  the  apparatus 
is  complete.  The  func- 
tions of  this  elegant 
D  condenser  will  be  rea- 
-^  dily  understood  by  re- 
ferring to  the  annexed 
diagram,  which  shows  it  mounted  in  connection  with  a  distillatory  retort  and  a  receiving 
vessel. 

Every  theoretical  condition  for  obtaining  the  maximum  cooling  effect  of  water  is 
here  applied  by  the  most  simple  means.  Inasmuch  as  the  most  elevated  extremity  of 
the  metallic  tube  contains  the  hottest  water,  the  final  departure  of  that  liquid  should 
take  place  from  the  point  in  question.  It  does  so,  as  the  student  will  perceive,  through 
the  syphon-like  termination ;  and  a  continuous  stream  of  cold  water  is  supplied  at  the 
lower  extremity  of  the  apparatus  through  the  little  tin-plate  funnel. 

Tempezatnre  at  which  Wales  aMnauM  its  IWIa^imum  Density.— 
If  water  at  some  elevated  temperature,  say  210,  be  poured  into  a  bulbed  glass  tube 
with  long  stem,  and  the  apparatus  gradually  cooled  down  to  the  freezing  point,  32**  F., 
a  peculiar  phenomenon  in  relation  to  volume  will  be  observed.    In  proportion  as  the 
cooling  agency  progresses  the  liquid  column  will  be  seen  to  descend, 
owing  to  the  general  contraction  of  the  water  operated  upon.     At 
length,  however,  at  about  40°  Fah.,  notwithstanding  the  continued 
agency  of  the  cooling  process,  the  descent  of  the  column  ceases, 
remaining  for  a  moment  stationary,  and  then  once  more  rising, 
until  the  water  has  been  cooled  to  32**  F.  (the  freezing  point). 
This  is  a  remarkable  effect,  and  it  is  practically  of  great  importance 
in  the  operations  of  nature.    If  water,  like  other  bodies,  acquired 
its  maximum  density  at  the  point  of  solidification,  ice  would  no 
sooner  be  generated  than,  sinking  to  the  bottom  of  the  generating 
water,  it  would  there  accumulate,  and  be  removed  so  far  frx>m  the 
influence  of  the  sun's  rays  that  it  would  never  melt.    The  conse- 
quences of  this  result  would  be  incompatible  with  the  existence 
of  aquatic  life,  and  would,  moreover,  be  highly  injurious  to  terres- 
trial animals. 

The  expansive  force  of  water,  from  its  point  of  maximum  condensation  to  freezing, 
is  enormous.  Its  exact  amount  has  never  been  ascertained;  but  the  most  violent 
mechanical  effects  have  been  produced  by  its  agency. 

Crystallized  Water  (lee). — ^Water,  in  becoming  solid  by  the  agency  of  cold,  usually 
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assmnes  the  condition  of  an  amoiphous  mass,  in  which  the  figures  of  no  definite  system 
of  crystallization  admit  of  heing  traced.  Neyerthdess,  snow-flakes  produced  under 
certain  atmospheric  conditions — more  especially  those  flakes  which  occur  mixed  with 

fluid  water,  and  are  usually  denominated 
sleet — disclose  regular  crystallographic 
axes,  belonging  to  the  rhombohedral 
system.  The  subjoined  diagram  repre- 
sents a  few  of  these  crystallographic 
forms.  They  are  seen  to  be  elementary 
regular  six-sided  prisms  of  six  faces, 
grouped  in  stelliform  arrangement  around 
a  centre,  in  such  manner  as  to  form 
angles  of  60°  and  120°.  These,  as  crystal- 
lographers  are  well  aware,  characterize  the  rhombohedral  system. 

Binoxide  or  Peroxide  of  Hydrogen^  HO^.— Unlike  water,  which  is  one  of  the  most 
common  natural  productions,  the  binoxide  of  hydrogen  only  admits  of  being  prepared 
artiflciaUy  in  small  quantities.  It  was  discovered,  in  1818,  by  M.  Thenard,  whose 
process  of  manufacturing  it  has  never  been  improved  upon. 

The  theory  of  its  production  is  simple,  although  the  operation,  when  practically 
carried  out,  involves  many  dijficulties.  We  have  already  seen,  when  describing  the 
production  of  oxygen,  that  the  peroxide  of  manganese  readily  abandons  a  portion  of  its 
oxygen  under  suitable  treatment.  Many  peroxides  are  endowed  with  a  similar  pro- 
perty ;  but  if  the  peroxides  of  barium,  or  strontium,  or  potassium,  be  decomposed  in 
contact  with  water,  the  liberated  oxygen  does  not  make  its  escape ;  it  combines  with 
water,  and  gives  rise  to  the  peroxide  of  hydrogen.  The  peroxide  of  barium  was 
originally  employed  for  this  purpose  by  M.  Thenard ;  and^  it  is,  in  all  respects,  the 
most  convenient. 

Process  o/ifa»«/a^wrtf.--Saturate  some  peroxide  of  barium  with  water  in  a  mortar 
until  a  somewhat  liquid  paste  results.  Add  to  the  latter,  by  small  portions  at  a  time, 
a  mixture  of  one  part  of  ordinary  hydrochloric  acid  and  three  parts  water,  stirring  the 
mixture  assiduously  with  a  glass  rod.  The  peroxide  of  barium  is  decomposed,  and 
chloride  of  barium  results,  but  no  gas  escapes.  The  appended  diagrammatic  scheme 
illustrates  the  nature  of  the  change  ensuing : — 

'  Oxygen  7  Binoxide  or  Peroxide 

Protoxide  of  (  Barium  .  .  ^  /of  Hydrogen. 


Peroxide  of 
Barium 


barium 
^(Baryta) 


Hydrochloric  (Hydrogen- 
acid.        (Chlorine 


Chloride  of  Barium. 


Or,  adopting  chemical  formulsB,  the  decomposition  is  expressed  as  follows  :— 
.  Ba03 -I- HCl  =  BaCl -1- H02. 
As  soon  as  a  sufficient  amount  of  hydrochloric  acid  has  been  added  to  saturate  the 
baryta,  small  successive  portions  of  sulphuric  acid  are  poured  in,  by  which  treatment 
sulphate  of  baryta  is  formed  and  precipitated,  leaving  the  supernatant  liquor  a  mixture 
of  hydrochloric  acid  and  peroxide  of  hydrogen,  as  represented  by  the  following  diagram 
and  formulee. 


CHEMISTRY.— No.  X. 
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Chloride  of  (Cadome  '  ' '  ' 'y^Mydroet^&ncviaA. 

fianvm      fBaxuai 


^-^      {^7^gen. 


Stilplniric  acid-^ : . J^8«l|ilflte«f  Bn3rt>u 

Sulj»ki]nc  ttcid  is  now  oMitHOuslf  added,  4  _ 

SiOphato  of  baiTta  is  separated  by  aitration  Iftorai^  ^l^i^s  Iddl « lii|Wir  u  «l  InS^ 
obtained  4sti^<mgly  impi>QgBbted  with  p»oxi)e  oC  h^4nfg&A,  Huil^ienr  is  tto  W  wksA 
with  mora  peroxide  of  bariuai,  and  the  opwrtiaBi  idndtf  toatihdL  icpMfliril,  viiO.  t 

fluid  atroag  in  perQcnde  of  hydrogea^mains.  Sulphate  of  silver  novr  being  poured  in, 
chloride  of  silver  deposits,  and  cfulpiuuiG  ikcid  re^diesDlyes  in  the  iiqtioiu 

Hydrochloric  JOhloritte >s^ 

acid        .( flydtogenv^  \. 

J^Water  >  (Mm&e  ti  Siiv«f . 

Sulphaf^of  {O^r.    1^,    .    .    X 

^  (  Sulphuric  acid ^Sulphuric  add. 

AgO,803  +  HCl  =  A^Cl  -f  BD3  +  HO. 

JF'intilly  tlie  ffidfihuric  ftcid  is  precipitai»d  by  a  solution  of  bazji%  .added  by  cnw- 
cesave  small  portions  in  such  manner  that  no  more  than  the  «xaGt  amocmt  required  for 
decomposition  may  be  poured  in.  The  liquid  is  once  more  £ltered|  «ad  evaporated 
under  the  receiver  of  an  air-pump  oontaimn^  a  dish  of  sulphfirie  add.  By  these 
oomplicated  operations  the  peroxide  of  hydrogen  may  be  obtained  ^[uite  pure»  nad  in  a 
high  state  of  concentration. 

One  essential  condition  necessary  to  the  sia^cess  of  the  whole  proocas  has  agw  to  be 
indicated.  The  solution  during  the  course  of  treatment  must  be  immersed  in  ice, 
otherwise  the  decomposition  of  the  peroxide  of  barium  develops  so  much  heat  that  the 
peroxide  of  hydrogen  is  not  formed. 

Pro^r^tVj.-r-The  peroxide  of  barium  reduced  to  its  highest  degree  <of  oDaoealteation 
is  a  colourless  liquid  of  syrupy  consistence^  endowed  with  a  peculial*  and  characteristiiC 
odour.  Its  specific  gravity  is  1*453,  and  no  degree  of  cold  has  hitherto  sufficed  for  its 
congelation.  It  is  liable  to  be  decomposed  by  slight  oauses,  esjpeciblly  whien  pure. 
The  presence  of  a  little  add  renders  it  more  stable.  .        ^ 

I7«w.— Peroxide  of  hydrogen  has  not  hitherto  been  applied  to^y  useful  application ; 
but  if  some  easy  process  of  manufacturing  it  could  be  devised,  there  is  reason  to  believe 
it  would  be  valuable  in  this  respect.  Its  employment  has  been  suggested  for  restoration 
of  the  whites  of  oil-paintings,  which  it  accomplishes  at  once,  converting  the  Wackened 
carbonate  of  lead,  or  rather  sulphide  of  that  metal,  into  the  white  sulphate. 

l^ITROGEN,  KSBi  AZOTE. 

Equivalent,  or  atomc  weight  .  .  .14  " 

Spedfio  gravity         .  .  *  .  »    0-«7l5 

Weight  of  100  oubi<5  inches  .  .  *    29^78  grains  <OaTy). 

Iknvuthn^f  7>rm.*-The  expression  nitrogen  (the  mtre-fonner)  was  given  to  the 
elanent  under  consideration,  because  of  its  being  a  constituent  of  nitrate  of  potash 
(common  nitre),  which  is  the  crystalline  result  of  the  union  of  nitric  acid  (aquafortis) 
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wil^  potaift.    Tlie  tonn  ttota  la  lieri^rod  fr««ii  u  ^WiWiMftiMi  <6£  tli^  Or()<»t  ^v«ti^ 
a,  with  the  word  ^  l»/is  thos  iwlica«ii%  «  loadliig  )c)Hu»c(«ds<fo  of  Cfat^  «b]&!6!lt^ils 

t!i6Ytoed  vitrogen  gm  ai  Jkidividualised  ftom  niftfty  otbor  ^;«uieoiii  h^Ahs  td  xr^ich  the 
gei^rii  term,  «iepiiiti«  Air,  Iwd  prdviou«ti^  bi^n «ipplieil  Thi« H>6ettit«d  1&  ^«  y^^  1772. 
;&«ub9e^ue&tily  LaTdistor,  by  b  beftutiftiUy-dt^viifed  ext)ertiiei»kt)  «&{)arated  it  hx^ui  tii<3 
atttioa^ie^  «f  xrlizoh  be  |»oted  it  td  W  «  «fiit«rMl  «($ftstll«i«fiLt.  Scbe^I^,  without 
preyioTis  acquaintance  with  the  experiment  of  Lavoisier,  ^Hbbted  tbe  MIm&  d<eteon»- 
«trtUaoii  shortly  afterwards,  and  thus  secured  td  himself  the  tit^tof  aft  odgiiialdiseoverer. 
i^^noififmes^'^tL  Fren<3h  ika  element  under  consideration  is  known  as  niirogkne^  or 

iP$rm  toMr  vjkieh  Nittsfen  €SPi6t8. — ^Nitrogen  has  hitherto  been  produced  only  under  i 
one  form  iof  maiierial  4ii^^tefg9idort^jismefyy  to  a  gas. 

I^y^pMration  ^f  NUrt^tn  iS^— If  a  oomiftoft  taper,  or  piece  of  wo^,  charcoal,  or  ; 
indeed  any  ifSB^  ceulMtstible  body,  be  bfumed  in  atmospheric  air,  the  results  of  combus-  i 
tion  ie^rated,  and  the  regaining  gas  ooU«cbed^  U  will  be  imsdA  unable  to  6iij)port  com- 
bUStieML  4  vecottd  «iiii«.  l!feit  ^  (i»wing  to  the  ft^^MT)^^  df  o^tygon  by  iJbe  combustible. 
ThewteiicaUy,  therefore,  tii4a!ogeA  should  be  procutlM^  by  VsuAing  a\C«y  ^e  percentage 
t)f  oacy^gen  eidfitiii^  in  tike  wtannpliere,  '  Practically  tMll  te  IIm  kind  d.  operation  fol- 
l<OW<ed;  but  toet  cfvecy  «ambusti^  wiH  suMce.  One  is  l«q>!^M  that  lias  a  ]^owerful 
affinity  ^  t>xygen;  and  >irhich  fis,  therefore,  capable  df  MttMifiBg  ^T^xy  irace  of  that 
elemebt    ^6sphorti«  is  tii«  vabstancQ  generally  cmploydL  JKir  It^A  |p«R^««i». 

Brooin  l.«^Over  1^0  shelf  of  a  pneumatic  trough,  containing  a  proper  amount  of 
"v^ter,  float  a  li<^e  dish  of  porcelain  or  metal,  eontaiiii&g  4  piece  of  phosphorus. 
Ignite  the  ^ivoiiplMnis  liy  cobtsict  wit2i  a  hot  wtre,  ^ten  covi»  it>fC^  «i  glsiss  belK 
•ha^  deflagrating  jar.  VMeiit  «(»ibfnftiott  will  enitue,  4«d  the  belKjar  will  be 
speedily  filled  with  TapovOK  of  ^oq^wio  aeid ;  ^  kttef,  how^v^t,  i«  lK)lubl«  in  water, 
und,  thoiefote)  iiltiMMtely  ^sapp^an  if  the  Jar  be  allowed  to  uta^il  iast  a  feuMoienti 
time  «^^  water.  Its  reibor^  may  be  ei%«)ted  %tiU  more  rapidly,  howe^^^er,  by  \s:&a> 
£brriaig  the  eontente  of  the  bell-^'ar  to  «ittbther  vooscl  laider  wster,  And  Mpoat^ng  the 
trssM^trence  tinlii  albsorpti'oii  of  the  phosphorib  aeid  hfts  been  iDd«iplete,  wkioh  May  be 
kaowa  by  the  tnunpureiicy  of  the  inoloded  ijgiSk,  which  is  nttt^eH  "abiiost  ptki^.  If 
re((uli«d  to  be  t^uite  puire,  aad  te  be  inad«  by  the  operatioft  jufit  desctibel,  His  smaH 
amount  of  vsTbouic  etoid  alwa^  prcnent  in  atnh^sphiertfc  alt  Must  be  sepamted,  by  tnoa&'s 
of  prolonged  contact  with  fused  potash,  before  the  removal  of  atmospheric  oxygen  by 
means  of  phosphorus  is  proceeded  with. 

Piroeess  2. — Red-hot  copper  speedily  removes  oxygen  from  atmospheric  air,  and, 
therefore,  sets  nitrogen  free.  Taking  advantage  of  tliis  fact,  a  ready  means  of  pro- 
dwe^g  iii<b?og^  is  suggested.  The  necessary  disposition  of  apparatus  will  be  as 
firitews  >--Fili  a  !?ube  madt  of  hafd  glass  wil^  coppei:  turnings  ot  shavings.;  heat  the 
iftabfe  to  vedn«ss  in  a  furnace  ot  over  a  few  precos  of  buttling  charcoal,  and  transmit 
lAKdtigh  it  ft  graduated  streatQ  of  atmospherift  air.  decomposition  rapidly  ensues :  lind 
if  tfee  copper  turnings  be  suAcrent  in  (Quantity,  and"  the  current  of  atmospheric  air 
sufficiently  slow,  nitrogen,  unmixed  with  any  oxygen,  will  be  erolved,  thotigb,  of 
<3«(mrse,  slightly  contaminated  with  the  small  portions  of  carbonic  acid  invariably 
pMfeent  in  atmospheric  ait.  If  the  air,  before  being  subjected  to  the  agency  of  red-hot 
copper,  be  made  to  permeate  a  tube  containing  caustic  potash,  all  the  carbonic  acid  will 
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be  remoyed ;  and  a  second  tube  filled  with  pumice-stone,  moistened  with  oil  of  ritriol) 
will  also  effect  the  separation  of  eyery  trace  of  atmospheric  moistnre. 

Ftoeess  3. — ^Nitrogen  admits  of  being  liberated  in  a  condition  of  great  purity  by 
decomposing  ammonia  by  chlorine.  Ammonia  is  a  compoimd  of  hydrogen  and  nitrogen, 
in  the  atomic  proportions  of  three  of  the  former  to  one  of  the  latter.  One  part  of  the 
ammonia  suffers  decomposition  in  the  preceding  operation ;  chlorine,  by  uniting  with 
hydrogen,  forms  hydrochloric  acid,  which  latter,  imiting  with  some  ammonia  still 
remaining  undecomposed,  generates  hydrochlorate  of  ammonia,  whilst  nitrogen,  thus 
isolated,  makes  its  escape. 

The  apparatus  necessary  for  accomplishing  this  decomposition  is  represented  under- 
neath.   The  glass  flask  A  contains 
some  finely-powdered  peroxide  of 
manganese,  upon  which  a  portion 
of  hydrochloric  acid    is    poured 
through  the  bent  tubular  apparatus 
h.     Heat  being  applied,  chlorine 
is  eyolyed;  and  passing  into  the 
ammoniacal -solution  contained  in 
the  Woulfes  bottle  e,  the  play  of 
decomposition  just  indicated  takes 
place.    Graseous  bubbles,  perfectly 
deyoid  of  colour,  are  eyolyed ;  and 
passing  into  the  receiying-jar  ^  are 
there  collected.  The  gas  is  nitrogen. 
This  process  may  be  productive  of  great  danger  in  negligent  hands,  owing  to  the 
formation  of  the  chloride  of  nitrogen,  the  most  yiolently-explosiye  substance,  without 
exception,  known  to  chemists.    So  long,  howeyer,  as  the  Woulfes  bottle  contains  a 
well-marked  excess  of  ammoniacal  solution  no  danger  can  arise  from  this  source. 

Properties. — ^Nitrogen  gas  is  characterised  by  its  strictly  negative  properties.  It  is 
neither  acid  nor  alkaline.  It  is  not  combustible,  nor  does  it  support  combustion.  It 
does  not  yield  a  precipitate  with  any  chemical  agent.  It  has  neither  taste  nor  smell. 
The  incapacity  of  nitrogen  to  support  the  respiratory  function  has  already  been  adverted 
to ;  nevertheless,  it  cannot  be  actively  injurious  to  animal  life,  seeing  that  it  consti* 
tutes  four-fifths  of  atmospheric  air.  Nitrogen  gas  is  capable  of  solution  in  water  to  a 
very  slight  extent,  a  thousand  volumes  of  water  absorbing  about  twenty-five. 

THE  ATMOSPHERE. 

Weight  of  100  cubic  inches    ......    31  grains  (Prout  and  Dalton).* 

Specific  gravity 1  (or  unity). 

Atmospheric  air  is  regarded  by  chemists  as  a  mixture — ^not  a  chemical  combination 
— of  oxygen  and  nitrogen  gases,  in  the  proportion  by  volume  of  one  to  four,  or  at  least 
very  nearly,  together  with  variable  amounts  of  aqueous  and  other  vapours,  and  a  small 
quantity  of  carbonic  acid.  In  addition  to  the  preceding,  which  may  be  termed  normal 
atmo^heric  constituents,  there  *  are  always  present  certain  gaseous  and  vaporous 
results  of  animal  and  vegetable  decompositions. 

Lavoisier,  as  I  have  already  stated,  was  the  first  who  determiaed  the  atmospheric 
composition.    His  process  of  determination  consisted  in  heating  mercury  confined  in  a 

*  See  pages  166, 169. 
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limited  yolume  of  air  for  rnanj  days  in  succession ;  by  which  means  the  quicksilver, 
to  use  the  expression  of  that  day,  vas  calcined  (brought  to  the  condition  of  red  oxide 
of  mercury).  Lavoisier  noticed  that  the  volume  of  atmospheric  air  exposed  to  this 
operation  became  decreased  in  bulk,  evidently  from  the  absorption  of  something,  and 
that  the  remaining  gas  no  longer  supported  combustion  or  animal  life.  It  was  nitrogen. 
He  then  collected  the  red  oxide  of  merdury,  exposed  it  to  heat  in  a  glass  tube,  by 
which  treatment  oxygen  was  evolved ;  and  he  demonstrated  the  leading  qualities  of 
oxygen  now  so  familiar  to  chemists,  and  which,  under  the  head  of  oxygen,  have 
already  been  detailed.  He  finally  mixed  the  remaining  nitrogen  and  the  evolved 
oxygen  together,  and  reproduced  a  gaseous  mixture,  corresponding  in  every  respect  with 
atmospheric  air— which  indeed  it  was. 

Determination  of  the  Composition  of  Atmoapherie  Air, — The  analysis  of  atmospheric 
air  involves  two  kinds  of  processes ;  one  for  determining  the  amount  of  aqueous  vapour 
and  carbonic  acid  present,  the  other  for  indicating^  the  percentage  amount  of  oxygen 
and  nitrogen  gases.  Carbonic  acid  is  usually  removed  by  means  of  caustic  solution  of 
potash,  through  which  the  air  is  caused  to  pass  in  small  bubbles.  Aqueous  vapour 
may  be  removed  by  causing  the  air  to  permeate  finigments  of  chloride  of  calcium  in  a 
tube>  or  fragments  of  pumice-stone  thoroughly  moistened  with  sulphuric  acid. 

The  most  convenient  instrument  for  effecting  the  removal  of  carbonic  acid 
from  gaseous  mixtures,  wherewith  it  may  coexist,  was  devised  by  Liebig,  and  is 
represented  in  the  annexed  cut.  It  consists  of  a  glass  tube 
bent  into  the  form  of  a  triangle,  subsequently  to  the  formation 
in  its  length  of  a  series  of  bulbs.  Solution  of  potash  being 
introduced  by  aspiration  into  the  three  horizonted  bulbs  until 
they  are  almost  filled,  and  partially  into  the  others,  the  apparatus 
is  ready  for  use.  It  will  be  evident  that  by  estabHshing  a  con- 
nection between  the  extremity  ff  and  any  other  tube  liberating 
gas,  the  latter  will  be  caused  to  bubble  through  the  potash 
solution  under  the  restraint  of  some  slight  pressure,  this 
being  the  condition  most  favourable  to  absorption  of  carbonic  acid.  It  will  also  be 
evident,  on  consideration,  that  the  amount,  whether  of  atmospheric  vapour  or  of 
carbonic  acid,  contained  in  a  given  volume  of  atmospheric  air,  may  be  readily  deter- 
mined by  weighing  the  chloride  of  calcium  tube  and  potash  bulbs  respectively. 

Determination  of  the  Relative  Amount  of  Oxygen  and  Nitrogen  present,  1.  By  the 
combustion  of  Phosphorus, — The  process  of  liberating  nitrogen  by  the  combustion  of 
phosphorus  in  atmospheric  air  effects  the  analysis 
of  that  air ;  but  there  are  certain  difficulties  in 
practice  which  militate  against  a  correct  result. 
A  more  correct  method  of  proceeding  is  the  fol* 
lowing. 

2.  By  the  Prolonged  Contact  of  Phosphorus, — A 
simple  arrangement  for  conducting  this  operation 
is  the  following : — ^Take  a  small  tube  retort,  drop  into  it  a  piece  of 
phosphorus,  and  insert  the  mouth  of  the  retort  in  a  glass  of  mercury. 
Dispositions  having  thus  been  made,  gradual  absorption  of  the  oxygen 
will  ensue,  and  the  amount  or  volume  of  nitrogen  remaining  may  be 
transferred  to  a  graduated  glass  tube,  and  estimated  with  facility.  A  still 
more  correct  plan  of  obtaining  a  similar  result  consists  in  casting  a  small  ball  of  phos- 
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pborusy  irith  the  end  of  a  platinum  wire  ia  its  substance,  astd  elevating  tbe  ImlU  into  a 
ta1i9  containing  ataio^lierie  air  orer  a  snrlace  of  merenry,  as  represented  in  t^e  pre- 
oeding  diagram.  The  operation  of  castiBg  tii»  ball  of  pkosphoi-us  must  neeeswniT'  be 
perforvoed  nnder  the  snrfoee  of  Itot  vaten 

a.  Bp  m  Solution  of  Suipkate  of  Irm  saturated  unth  Bvaoaeid^  cf  ^«l»vy0it.^Tkis 
sohitioB  rapidly  absorbs  the  osjgen  of  atmospberie  air,  and  liberates  nitrogen,  thus 
effeeting  the  analysis ;  but  the  process  is  not  frequently  adopted  in  praetioe. 

4.  S^pamng  an  Mectria  Spark  tJurougk  a  mixttu^  of  AimospAeric  Air  attd  Mydrogrm. 
—Tbis  process  inyolTes  tbe  employBMnt  of  &e  eudiometer^  an  instrument  the  irarieiis 
forms  of  which  have  already  been  esplaineel  at  page  231.  The  theory  of  this  process 
is  very  easy,  nor  is  its  execution  difficult.  The  result  of  detODating  a  auxtvr^  of 
atmoflfheric  air  and  hydrogen  by  the  eileetno  spark,  ist  ^e  forwation  ef  a  pottioa  of 
\rater,  the  ooriginal  bnfr  of  gsaeoua  mixture  being  psoportionately  decreased.  TW 
decease  of  gaseous  bulk  can  be  readily  seen  by  inspection ;  and  from  a  oOBsideratto& 
of  its  amownt  the  bulk  of  eoygen  originally  present  in  the  mixture  uadev  treatm^Eit  is 
at  once  detrarmiaed,  on^4hird  of  the  dimdnution  being  equivalent  to  the  original  b«Ik 
of  oxygea.  The  rationale  of  this  vitl  be  evident  when  we  consider  that  two  volumea 
of  hydrogen  unite  with  one  volume  of  oxyg^  to  form  water,  «b«I  that  tathe  |»:odii<itio& 
ef  water  alone  is  the  diminutioiL  referable^ 

5.  Bif^  immeraimg  a  apong^  Flatkuim  Bal&:  m  a  mixture  of  AtnaspJimff'  Air  and 
Hydregm. — Bireotions  for  operoling  with  spongy  platinun^  a»  a  substitute  lor  an 
electric  spark,  have  been  already  given  at  page  2^. 

The  results  of  innumerable  analyses  have  proved  tihat  atntoepheric  air  x»  a  mistme 
of  oxygeix  asd  nitrogen  gates  in  ^e  fijUewing  proportions  :-*- 

CQMPOSITKXS  m  X»S  AIHOSPKERE^ 
Br  Measwc*  "^  Wcig;b.t.. 
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Ozyg«n  *       •     aO-9Q 

Nitrogen  .        :      79*10 
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Oxygen  .       .     2a-10 

Nitrog;ea        .       •      760^ 

100-00 


It  will  be  se^  that  the  pvopevtioBe  givea  ar^very  mwHj  m  th#  mie  of  Amr  T^m»e» 
of  nitrogen  te  one  ef  oanrgett ;  ©i*— 
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and,  Indeed,  the  opihioa  m  cntoftaiBed  hj  nmny  persons  that  atty  diserepaney  from  this 
exact  ratio,  as  evidenced  by  analyses,  is  solely  referable  to  errors  of  maojlpulation. 
Othesc  chemists^  on  the  contrary,  beMcve  tibat'  the  variation  is  too  constdevablc  for 
explanation  bjr  that  hypotileiiis,  and  ^fxiia^  oa  this  circvanstance  an  argument  in  favour 
of  the  theory  that  ittmoephenac  air  is  not  a  ehemiool  eompemnd,  but  a  me«hftn^al 
mix^tvire  of  oxygen  and  nitrogen  gasesy  iausunieh  as>  all  gaseous  chmtucftl  MWwpniMMh 
kxu^wn  to  chenaMi  are  the  reauha  of  the  uaioa  ef  depute  vohwiq*  of  the  paaailiie 
gasiQS^  withomt  the  occunrence-  ef  any  IraotLooal  paorts.. 

There  are  other  arguments,  liowerer,  to  be  ftidnced  in  fttvoroiC  1^  nMohwiieail 

iinienof'oisygeninthnskrogen  in  stmeBphecM  aar.    SooMief  the  most  we%|tkty  aiw  as?   . 

...  . 
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Milow : — Tbs  act  of  chemit^  eombinatioii  bet^re^  t^iro  Isodbss  i»  gfenef aily  atteiided  % 
some  aotoUe  ehmge  ol  tempezaturd;  b«it.  xo  sw^  citao^  id  cecogiftififtUet  o&  laiiruaigp^ 
oxygm  «Bd  xatoEogea  gw&s  in  the  i^opertioiL  aefiesiawf}?  to  lovm  ^tmospbaric  ooir.  TW 
loeiilt  U  ehsmiaeX  vaaioji  agaia  is  gonefftUy^  ii'  iwili  fthrayS),  a  body  di^sisg  m  oxMa^  <ir. 
i^ore  eharafiteiistieft  1^*001  ^^  eoB&titA«aito  e&leriog  int^  it ;  but  iib»  j^royertiss  q£  atm^ 
sq^toie  aur  may  be  ecorr^oUy  d^aevibod  as  a  mean  of  tke  pcoj^ertMs  of  eacJ^^  Bu6,  pe? r 
hAfs^  the  sauMt  jtovoffularguittei^  »  £aTO«r  ef  tji6  mec^xaikleaK  nature  of  ajbaoBpJMvk 
airi»iki«£»U0wiag:--Boiboayg!8)Bi  and  lutrogieor  gas6»  ore  sligbUy  solubU  ia  "vrat^, 
aft  k  -w^vU  bs/c^wt)^;  but.  aAthoioglk  at;i^08pb«ari«  aur  ia  aaid  tob«  sd^aolubie  tao  a  al%b.t 
«xte9tin.  watfiTy  tbia  statMaeat^  i»  be  %iuta  oonreet*  laufit  be  a  Uttlo  moi^fi^d.,  Car^l 
analysia  of  ibe.  Qaseow  matter  absorbed  by  vatiQir  pioiros  ita  oompostHoa  to  be^-^ 
OogrfUi     .  .  ,  .  «    ^Zm 

:Nati:oge&   .  •  .  «  «    6300 

Wbexsas,  if  atoMMpberic  aJgr  wora  abioibed  vk  tba  otnatest  aeofie  of  tbe  expi^snon, 
ib«.  QomfOfiitiQa  ab^uU  ber-» 

Oxygen     .  •  »  ,  .    20-90 

Nitrogen    .....    79'ia 

If  atrnqspheriQ  aix  b«  not  a  cbemkal  comj^iux^  of  oxygea  aod  xtitrogeii,  but  a.  mem 
Meobaaiool  adnisLtore^  coma  ejKplaAatia»  ia  naoei^aary  of  tbd  oaoso  wlu«b  aaaifttaina 
tbem  ia  au^b  peerfoet  boiaqgoneity ;  fortb^)ugb.  it  be  txuo  tbat  tbe  difforQQce  of  s^oisi&c 
gjcavity  boitweea  tucygen  and  iKbrog«&  gasea  ifi,  only  sligbtt  yet  tbAt  difiEerence  sboold 
avffice  to>  debuaaina  tbeit  flep«rafcioi^  afioording  to  tbo  ardinacy  laws  of  gravity  sa  oyI- 
deuced  by  solid  and.  li%uid  bodiesL  Whajtoyeir  may  bo  tbo  ultijDato  eauso  of  it»  tbo 
pbttomeaQn  of  gascooa  di&iaioa  19  now  well  reoognisod  aa  sometbiog.  distinct,  feom 
obcpnical  attroctiML  A  atiiking  oxpenmenty^  i^nstratiyet  of  tbis  pcopertyi  was.  p«r-> 
fomod  by  P«lb>».  Xbi»  jMsm^^ikex  took,  two  cyliadiical  Tossebs  oa&  of  wbicb  w«i 
lUbd  viib  casboBic  aci^  tba  otbex  witb  bydiogea  g^j  and  tbo  Uttex;  being  placoii 
vppermoaty  a  commonifiatifltt  waa  estabUflb^d  betnreon.  tbenu  Nostwitbfitanding  tba 
fgxaA.  diffoieofio.  bo(twoen.  tbe  spoeifio  g^yity  of  by<brQgen  atid  oiffbottia  aoidr^tha  lattar 
boiqg  tvon^*tvd  tisMt  boayior  tb«Bk  ib«  £»m«r— p«£&«t  adimtwra  wiSL  i^odil^ 
enauBi 

Ik.  Balton  oa^Iainod  ihift  pbeDOQUHU)!)  by  tbo  assazni(ition.  thait  tbftpvrticleft  of  oda 
g^  xaanifesbed  aa  attraction  for  tiia  pagtrticle»  of  ajLL  otiusr  jguiesy  wiH^  the  oxceptioi^  of 
iteelf-'-iMGacding  t»  vbicb  stqi^oaiiiaa  ono  g«A  may  ba  vgairded  aa  being  »  Taonun  ta 
anotbor»  a.  dediuitifpn  wbkb  aceorda  «BaiflS«iontly  wall  wiibobtwrYod.  pbenoswna,  tbon^ 
itiaiU  tp  iaaispk  tbeii  cawKw 

ToPto&sapc  GFabam  wo  cm9t  the  fullest  exposition  wbieb  bstf  been  mad^  of  tib^  h(v 
of  diifimiwi  q£  gaaeiu  Hia  expenraenta  and  dfidiv^wsifi  bayft  abfCHdj*  been  gi:m%  in  1^ 
ffam»  ifoxt  of  tbic  treatise  (pi^e  176). 

JSp^mii  ^  ti«  J[fttM^JW7'«.«p^Tbe  atmo^ere  i«  not  «f  egnal  density  tbrongbcmt. 
Tbia  £okUawa  of  nfioeaait^,  aeeing  that  ita  lawer  strata  bATO  to  b^ur  ibe  gy^^onocumbenit 
woigbt  oi  alt  aiUxre.,  Tba  moat  dixeei  mean».  of  pixmn^  tbe  increasing  rate  ol  aferao^ 
i^bi«dft  aittonnattcm  n^wardfl)  ift  by  noticing  tbe  fall  of  a  eolnnn  of  moarciuy  in  tbo 
btroMfceter,  tbo  vatvKO  and  construction  of  wbiob  wiU  ba  soon  ezplainod.  .  Miwk 
speoiiilation  baa  samm  coneoEoing  tbo  distance  &oi»l  .th«  eartb'a  sua^o.  toi  wbJicb  tbo^ 
atmosphere  extends^  &mpm  phibumpbuta.  bayo  advooatod  tbo  oyinion  tba&  tbo  pgco^ 
glEesim  «fct«aKnatioa  upwards  ia  bftfinito^  and  tbAt  it  cooaeqAi^ntly  ji^rYadoa  «II  ifwce ; 
bul  tibft  mooipreimlest  idoaiAtbftiitdAea  not  extend  fixthev  tbao  fQtkg'§^Y9iw3m^  ^  In 
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3t2  FINITE  EXTENT  OF  THE  ATMOSPHERE. 

the  "  Philosophical  Transactionfl  "  for  1822,  there  is  a  paper  by  Dr.  Wollaston  on  the 
finite  extent  of  the  atmosphere,  in  which  the  hypothesis  embodied  in  the  title  is  argued 
with  much  ingenuity.  If  the  atmosphere  be  supposed  infinite,  it  should  perrade  all 
space,  and  the  heayaily  bodies  should  each  attract  a  portion  commensurate  with  their 
own  fnass  or  graritating  power.  But  certain  astronomical  observations  made  by  Dr. 
'WoUaston  and  Captain  Kater  are  in  favour  of  the  conclusion  that  there  is  no  solar 
atmosphere ;  and  ihe  observations  of  other  astronomers  render  the  supposition  probable 
that  the  planet  Jupiter  has  no  atmosphere.  These  deductions,  if  correct,  are  evidently 
opposed  to  the  hypothesis  of  infinite  atmospheric  subdivision.  Dr.  Wollaston,  then, 
was  strongly  of  opinion  that  our  atmosphere  is  limited,  and  he  accounted  for  the 
limitation  thus : — ^He  imagined  that  at  a  certain  height  the  repulsive  power  subsisting 
between  the  gaseous  particles  of  the-atmosphere  was  exactly  balanced  by  their  gravitating 
power,  and  that  the  balance  thus  established  determined  the  range  of  atmospheric  action. 

The  student  will  not  fail  to  remark  that  the  h3rpothesis  of  Dr.  Wollaston  is  only 
tenable  on  the  assumption  of  the  atomic  state  of  matter  ;  in' favour  of  which  it  Ib  indeed 
cited  as  a  powerful  argument.  The  atmosphere  can  only^be  Umited  by  th^  causes  just 
assigned,  at  least  concomitantly  with,  and  as  the  result  of,  an  atomic  constitution.  If, 
therefore,  the  atomic  constitution  of  oxygen,  nitrogen,  carbonic  acid,  and  the  adven- 
titious elements  of  the  atmosphere  be  granted,  the  strongest  probability  arises  that  every 
description  of  matter  is  similarly  circumstanced.  It  must  be  admitted,  however,  that 
although  astronomical  observations  may  be  conclusive  against  the  presence  of  an 
atmosphere  around  the  sun  and  Jupiter,  and  must  be,  therefore,  accepted  as  a  proof 
that  our  own  atmosphere  is  limited  in  extent,  the  reasonings  of  Dr.  Wollaston  in  this 
matter  are  divested  of  one  important  element.  That  philosopher  takes  cognizance 
alone  of  the  limitation  of  gaseous  bulk  as  the  result  of  diminished  presisure ;  but 
diminished  temperature  plays,  at  least,  an  equally  important  part  towards  the  same  result. 
Between  gases,  commonly  so  understood,  and  vapours,  there  is  no  absolute  difference 
whatever;  the  difference  is  purely  of  degree.  Now  vapours  are  condensable  into 
liquids  and  solids  by  cold  alone,  and  extreme  cold  is  a  powerful  agent  towards  effecting 
the  artificial  condensation  of  gases.  Given,  therefore,  a  sufficient  amount  of  cold,  there 
seems  no  reason  why  the  atmospheric  limit  may  not  be  determined  by  the  operation  of 
this  cause.  Now,  in  proportion  as  we  ascend  above  the  earth's  surface,  the  degree  of 
cold  increases.  This  is  demonstrated  by  the  existence  of  snow  on  elevated  moimtains, 
and  is  readily  accounted  for.  Graseous  matter  is  not  heated  by  the  sun's  direct  rays,  or 
by  any  radiant  heat]  whatever— it  derives  its  temperature  from  direct  contact  with 
heated  bodies;  and  hence  the  amount  of  that  temperature  will^always  be  proportionate 
with  the  heated  mass  with  which  it  is  in  contact.  Now,  inasmuch  as  the  mass  of  a 
mountain  is  but  trifling  in  comparison  with  the  general  mass  of  our  globe,  we  have  a 
cause  for  the  low  temperature  of  these  elevated  regions.  Another  circumstancey 
however,  contributes  to  the  same  effect.  The  specific,  or  non-evident,  heat  of  a  given 
volume  of  attenuated  gas  is  greater  than  the  specific  heat  of  the  same  amount  compressed ; 
hence  the  temperature  of  a  definite  volume  of  rarefied  atmospheric  air  is  less  for  equal 
increments  of  heat  than  if  the  same  weight  of  air  were  condensed  into  a  smaller 
volume.  So  far  as  our  observations  have  extended,  the  decrease  of  temperature  is 
equal  to  about  one  degree  of  Fahrenheit's  scale  for  every  300  feet  of  elevation. 
Probably  the  rate  of  decrease  is  stiU  more  considerable  at  higher  elevations. 

The  Basom#tMr. — In  the  early  part  of  the  seventeenth  centory  the  pressure  of 
the  atmosphere  was  first  noticed  by  Galileo ;  but  the  barometer,  an  instrument  for 
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demonstrating  the  rariation  of  this  pressure,  is  referable  to  his  pupil  TorricelU.  The 
barometer,  in  its  simplest  form,  is  made  as  follows : — Procure  a  piece  of  thick  glass 
tubing,  haying  an  internal  diameter  not  less  than  a  fourth  of  an  inch — ^if  more  all  the 
better— and  about  thirty-four  or  thirty-five  inches  long.  Seal  one  end  of  the  tube 
hermetically  by  the  blow-pipe  flame,  allowing  the  other  extremity  to  remain  open. 
Next,  holding  the  open  extremity  of  the  tube  uppermost,  fill  it  with  mercury,  place 
the  thumb  on  the  mercury,  and  invert  the  tube,  mouth  downward,  into  a  small  basin 
or  dish,  also  containing  mercury.  These  dispositions  being  made,  it  foUows  that  the 
length  of  the  column  of  mercury  capable  of  being  supported  in  the  tube  will  be 
proportionate  to  the  amount  of  atmospheric  pressure  on  the  surface  of  the  mercury 
contained  in  the  basin.*  The  length  of  this  column  is  subject  to  variation  from  day  to 
day,  but  it  wiU  generally  be  comprised  within  a  small  range  above  or  below  thirty 
inches.  Supposing  the  atmospheric  pressure  at  the  time  of  the  experiment  just 
detailed  to  be  equivalent  to  thirty  inches  of  mercury,  and  the  tube  to 
be  thirty-four  inches  long,  then  it  follows  that  the  original  mercurial 
column  will  sink  to  the  extent  of  four  inches  on  inverting  the  tube ; 
-.  leaving  a  seemingly  empty  space,  to  which  the  appellation  of  Torri- 

II  cellian  vacuum  has  been  applied.    It  is  not,  however,  a  vacuum,  but 
in  filled  with  the  vapour  of  mercury. 

M  "      The  instrument  just  described,  and  a  section  of  which  is  given  in 

III  Fig.  1,  is  the  simplest,  and  perhaps  most  correct 
m  form  that  the  barometer  can  assume;    The  dis- 
in              position  of  parts  is,  however,  so  inconvenient 
in  that  a  modification  is  generally  introduced. 
n    .  In  common  barometers  the  modification  is 

u^J^/^     usually  of  the  kind  depicted  in  Fig.  3.   The  open 
^^^H^      extremity  of  the  tube  is  bent  upwards,  and 
p.^  .  blown  into  a  little  bulb,  through  one  side  of 

which  there  is  an  aperture,  a,  opening  a  communi- 
cation with  the  external  atmosphere.  It  is  more  usual,  however, 
in  delicate  barometers  to'^dispense  with  this  bulb,  as  represented 
in  Fig.  2.  This  construction  enables  the 
observer  to  read  off  exactly  the  number  of 
barometric  inches  and  parts  of  inches  by  a  ^  ^ 
suitable  scale  appendix,  counting  from  the 
level  If  at  which  the  mercury  stands  in  the  short  leg  of  the  tube. 

Though  the  real  function  of  the  barometer  is  to  indicate  the 
degree  of  atmospheric  pressure  at  any  time,  it  is  applied  to  a  useful 
collateral  purpose — namely,  to  the  purpose  of  indicating  changes  of 
weather.  Practically  it  is  found  that  certain  conditions  of  atmo- 
spheric pressure  co-exist  with  rain,  wind,  and  drought ;  the  barometer 
indicates  these  conditions,  and  thereby  becomes  a  weather-glass. 
Occasionally  the  barometric  weather-glass  is  supplied  with  a  dial 
index,  the  motion  to  which  is  given  in  the  following  manner : — 
A  small  light  pulley-wheel  is  attached  in  such  manner  to  the  instru- 
ment that  by  means  of  the  weights  f/;u^  (Fig.  4),  and  a  connecting  string, 
«,  the  wheel  shall  turn  by  the  upward  pressure  of  mercury  against  the  weight  tr,  and 
*  About  15  lbs.  to  the  square  inch. 


Fig.  3. 


Q 


Fig.  4. 
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return  by  the  slightly  pirepoadfiratifigp  weight  o£  t«  oTor  t^,  irhea  the  meiewry  snkft  m 
the  short  leg  of  the  syphon.  This  form  of  haronet^,  atthouii^  ee&TeQintt  a»  a 
iffwiktr^fimss  for  general  relenmee^  is  by  n«>  meeiM  bo  eoneet  m  tbeee  with  y«arlaieftl 
scales^  and  without  thfi  wheel  appemda^je. 

Maay  (arcumstanoee  to  whieh  iko  reforenee  has  been  made  require  attention  m  the 
manufaetnre  ol  cocrect  haronietttesL  It  i»  of  the  utmost  inqkortanee  that  the  raereiufy 
employed  be  quite  pnre,  axul  that  the  barometer  tube  seither  eofttaim  moietuTe  uor 
atmospherie  air.  M<3a»mw^  it  is  almost  unneeessary  tp>  state  that  thfr  i&temal  diaaaefcer 
of  the  barometer  tube  should  be  of  the  saooe  lengtib  throughout.  The  abaenfi^  of 
mmstuze  can  be  certified  by  dzyiug  the  tube  imnediaiely  helNre  rionng  it ;  but  tkoK 
ia  only  one  method  of  totally  di^i^Iaa^  oTesy  traee  of  atmosrphene  aur^-AaoBBely^  by 
boiling  the  mercury  after  it  has  be«n  poured  iato  the  tubei.  This  operatioti  iairolrea 
much  danger  to  the  instrument^  as  may  be  readily  inferred,  and,  eoaoefueatlyy  adds 
mueh  to  its  expense.  Much  needless  inaccuracy  ia  eonferced  upoa  (Mrdtnary  barometers 
by  formxBg  intern  of  tubes  too  sbuiIL  TMa  is  dese  tnmk  motrras  of  economy ;  to 
diminii^  the  amount  of  quieksilrer  used  ia,  iMimg  them  ;  but  ^e  eeoaesny  is  mi^ilaced. 
To  bo  a  eoorreei  indicater  of  atmospbeirie  preassire^  the  aercuml  column  should  be 
toAaUy  dcprired  ^.possahle)  of  all  frictional  intnrferoiKe.  Th»  ia  ob^vioasly  impossible  : 
between  the  glass  and  the  mercury  Mctaea  ^ereannt  ba;  bat  by  employing  tibes  of 
small  diameter  the  amoont  of  fnetiQA  is  naedleasly  iacreaaai ;  moreoyer,  the  avrface 
of  the  mercury  in  them  is  so  cobtcx  that  it&  ocnoet  kff«L  is  ^ffieult  to  be  jisceiilained. 
A  moderately  correct  baoromcier  caBOho^  be  ^pcasad  wi&  by  tiha  chemist  who  csnducts 
experimental  researches:  on  gaseotts  bodice^  He  camMd  depend  from  day  to  diay  on 
the  continuance  of  any  given  aMouDtef  atmosfihezic  presnonv  ceosequently  the  |g|iseous 
nnztures  upon  which  he  operatce  will  be  coDtinankiy  changmg*  their  yolumn.  The 
Imr  of  increase  or  decrease  of  Tolum%  howerery  f»  any  gives  v«b»  ef  pressure  is  w^ 
]aK)wn ;  and  the  chemist  can,  thcrefi)rev  lednee  a  giTCii  Yofauae  ai  o«e  tempeiiitPft  to 
the  hypothetical  volume  at  anotiber  Hempwatmre  wi^  facility  hgr  ttbc!  application,  of  the 
rviles  previously  explained  xn  a  fcrmev  part  of  thki  tvcaiise  (page  112). 

Combin»tl»BS  oT  •xysttA  iHlCli  Vibn6Mk*^TIken>affttftvttfcaMnkeflnibuMK 
tions  of  Qxygen  wttfi  mtrogcB,  cenrtitotiwg  lie  jfallewiB^  becfies  :^ — 


1.  ProtondAofaitrQgai 
2«  Binoxide  of  nitrogea. 

3.  ^ponitrous  acid 

4.  Nitrous  acid    .    .    . 

5.  Nitric  acid       .    .    . 


AtODM. 

Putahy^Vel^t. 

Symbol. 

!f. 

'     O. 

N. 

a 

I 

S 

NO 

,    2 

I€ 

N03 

\    3 

u 

N03 

^    4 

32 

NO* 

J            « 

\      14 

361 

N0«^ 

Omsral  Smarki^—THiiQ.  list  of  compoiuida.  of  oxygen  with,  nitcogoa  presents  the 
example  of  a  complete  aeriea  so  far  as  it  extendsi  an4  £»  this  rcMon  it  weU  illustratea 
the  philosophy  of  the  atomic  theory.  Except  the  last  (nitric  acid}^  n«ae  ef  tite 
preceding;  compounda  occur  is  nature ;  and  CTen  nilno  aci^  though  it  does  naturally 
exist,  is  always  fbundin  combination  ivniftUy  witb  potash,  or  soda,  the  nxtrstes  respec- 
tiveLy  of  these  alkalies.  Nitrate  of  pota&k  is  commonly  loQAwn  by  the  appellation 
of  nitre^  oc  saltpetre ;.  hence  the  tocma  nitric  aoid  and  nitrogeo.  Although  in  the  fcre- 
going  tabular  view  the  compoimda  of  oxygen  with,  nitrogen  are  necessarily  arranged 
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in  the  nmiaerieal  order  of  their  constituents,  neTerthelees^  in  desoribijig  thexn^  this 
order  should  be  departed  from ;  nitric  acid,  ths  la$if  being  the  first  discusaedy  boeause 
irozQ  nitriOiacid  all  the  others  are  prepay ed»  directly  or  indirectly. 

NiU&e  AeiA.--This  ackL  is  usnaHy  regarded  aia  syaonymons  with  agmts-ffriiay 
a  combinaticoPL  ei"  the  real  or  anhydrous  nitrie  acid  -with  water.  Since^  howerer, 
DQville  has  suooeeded  in  isolating  thft  real  or  anhydroiia  nitzio  acid,  the.  tvro  should 
not' be  confounded* 

MMbi  er  Anhyihroua  Nitric  Aeui.-^T}ih  compound  was.  isolated  not  long  ago  by 
M.  BeYille^  who 'succeeded  in  obtaining  it  by  passsng  a  slow  cnzxent  of  ehleaone  lirai 
oirer  ehloride  of  eakium  and  sulphuric  acid^  and  subsequent  oTer  dry  nitrate  id 
silyer,  previously  heated  to  203°  F.,  and  maintained  duriisg  the  operation  at  a  tem- 
perature of  136°  to  150*^  F.  The  resulta  of  ^^mtposition  weare  cansed  to  pass  through 
a  U-tQbe>  cooled  down  to  ^--  ^  ^°  F.  Chloride  of  silyer  resulted,  oxygen  gas  escaped,  and 
nltria  af^d»  depfired  of  water^  waa  obtained  in  crystals.  At  tha  sasna  time,  poclieiui  of 
a  Yi^tile  li^uidt'^-^BMat  pcobaUy  nitroua  aeid-'^-escaped. 

Anhydrous  nitric  M^id  is  stated  by  Beville  to  oectsist  of  briUwnt  eolondsfis  i^Kmbtc 
prisms^  which  fuse  at  M"  or  36^  F.,,  and  boil  at  113''  to  122"  F^  soiEariBg  decompesitkn 
at  the  latter  temperature.  The  crystals  manifest  a  remarkable  tendency  to  combuie 
with  watet»  hydrated  nktrio  aeid  being  the  result. 

Mfivate^  9»  MucbtmA  Niiri&  ^CMi'-*J(ftia^/d»'^«9k— This  eonponad  is  prepared  by 
SttbjeetxQg^  to  distiUatioA  a  motiKret  «f  sulphiirie  aeid  and  nitrate  of  patadb  (nitre)y  or 
zdtrata  of  soda.  ThA  theory  oS  the  deoou^poeittODi  whkh.  ensiues  is  exceoddnf^  aiaqpie. 
I^itrie  9cid  ha«  lessi  t^nitj^  (to  use  a  coBunon  but  not  q^uite  e<»rreot  espresiioo,  lAA  pp, 
H  Hi  «#fw)  i&T  pot^  er  soda,  than  is.  possessed  by  sulphuric  aeid  for  1^  sune ;  lor  w^doi 
leasflsa  dottbk  deocmposition  eaute^-^tric  sfiid  united  wi^  wat«r  being  vfdkixdy,  and 
»,  «fffE|b^»atioA  of  suJlpluuie  aeid  with  potash  or  aoda  remaudag,  Thft  eoaibiiiiitioa  in 
question  may  be  a  sulphate,  or  a  bi-sulphate,  or,  h»tiy,.  a  mixtare  of  tiiQ  two,  aa  we 
sMl  kaixa  pres^tlf « 

Then  ace.  im^  eonJbuMtioiwi  «(  anlpbnise  a^id  witii  potaahr^-tha  aaatral  sulphata 
9BdthahUi«l^iitew  Thafinft  c^thai&isanhydroai  (deToidef  water)^  and  caasiatKrf 
one  equivalent  of  sulphuric  acid,  40,  united  with  one  equivalent,  48,  of  potash ;  the 
hi-siilphate  of  potash,^  on.  thA  ooatraxy,.  is  tha  lesutt  of  itnioia  b^weesa  two  e^uxralents 
of  sal|Awri«  ^^  Qn«  of  potash  and  qjus  of  watsr.  Anitifiipatiag  tha  prcpcraliai.  ol  tni 
of  Titriol  (s«)|^aric  acid)„  it  will  he  necessary  hw»  to  mealianL  that  the  strongest  oal 
of  Tttml  of  cQiaaMrea  is  eon^osed  of^oaeequxvakalof  sia^itrtQ  aeid  aadona  of  water; 
QQ03Q9ue«tI]F,  inMorach  m  aitna  a^d  nqtidly  dec(»apeaes  if  it  dor  aot  find  a  eertain 
axlaittwmcKf  w^tcr  wherewith.  t»  owibiney.  the*  quantity  of  qH  of  vitriol  employed  ia 
the)  wanafai^nua  el  a^  xeqaixes.  U^  ha  aiei^y  ajppwtiaaid^  if  tito  operator  wishes  la 
piTQ^Me  tha  wftTtinwm  qaaaitity  of  aqua-£oarf^  of  tha  sAxtmism  sti-ength.  The  best 
ptaetiaal  ^uaatities  isx  affiHidkg  thia  reswlt  ara  X#(^  nxjtarata  el  potesh^  aoad  9%r^  oa  of 
Tiltori{);(----pc<^o]iti«ifr  which  yield  12^^71  partsi  of  bft-sidithate  of  patash  and  92*39  of 
aiPiK^ijdrate  of  nitric  aeid,  whieh  it  tha  steoagest  form  that  aqnia-ibrtis  oaa  assuaa. 

MeaphydiAta  of  nibria  9eid^  aa  its  nana  indicatea^  id  a  aanpoiind  of  ooa  effdnrabat 
(H)  <tf  nitcic  acid,  and  ena  eq^^akat  (9>  of  watea^  0f,iB  other  tenas,  it  oontaiaaabaat 
14  per eentof water.  Itadttssit^ia aheu* X'^m,  aud its bozMag point iaahoat IS«-8'' P. 
ThaiMnohydrate  ol  zkitna  aM  settdiaea  at  aho«t.  i^*"  F.  It  is  neady  eoteudbss  ^ahea 
puxa;  bui. oai  aacQUMt  of  a  taateej  tft  datexaposilifiDy  ift  assymea  a  tint  nana  er  less 
yeBev  leooa  tha  <^vatioft  «E  lAighA  eaaao^  sswb  aa  tha  iBflaaace  of  haat  or  Ugh^ 
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especially  the  direct  solar  rays.  Monohydrate  of  nitric  acid  manifests  a  strong  tendency 
to  unite  with  water,  with  which  it  seems  to  combine  in  all  proportions;  hut  great 
probability  attaches  to  the  opinion  that  tho  seemingly  innumerable  combinations  of 
nitric  acid  and  water  are  really  mixtures  of  yarious  definite  hydrates  of  that  acid.  The 
existence  of  one  hydrate  we  have  already  proyed.  There  is  yet  another,  far  more  stable 
than  the  last,  commonly  known  to  chemists ;  and  yarious  considerations  point  to  the 
existence  of  others  which  haye  not  been  isolated.  Owing  to  the  tendency  which  mono- 
hydrate  of  nitric  acid  displays  to  unite  itself  with  water,  and  reach  a  higher  state  of 
hydration,  it  seeks  out  aqueous  yapour,  floating  inyisibly  in  the  atmosphere,  and,  by 
union  with  it,  generates  cloudy  fumes :  hence  the  appellation  ^^ fuming  nitric  acid"  by 
which  it  is  often  designated. 

Tho  second  hydrate  of  nitric  acid  which  has  been  isolated  is  a  compound  of  one 
equiyalent  real  nitric  acid  and  four  of  water :  hence  its  formula  is  NO*  4*  4H0.  It  may 
be  procured  by  adding  a  suitable  quantity  of  water  to  the  proportions  of  oil  of  yitriol 
and  nitrate  of  potash,  already  giyen  when  describing  the  manufacture  of  the  proto- 
hydrate ;  but  the  process  most  instructiye  to  the  chemical  student  consists  in  mixing  a 
portion  of  the  protohydrate  with  an  excess  of  water,  and  subjecting  the  mixture  to 
distillation. 

In  performing  the  aboye  operation  the  retort  should  be  tubulated,  and  furnished 
with  a  thermometer,  for  the  purpose  of  indicating  the  changes  which  ensue.  For  some 
time  after  the  application  of  heat,  water  almost  pure  will  come  oyer,  the  thermometer 
continuing  to  indicate  212°  F.  (the  boiling  point  of  water).  Soon,  howeyer,  the  tem- 
perature will  begin  to  rise,  and  it  will  continue  rising  until  about  253''  F.,  when, 
becoming  stationary,  it  will  continue  so  until  the  end  of  the  operation.  Concomitantiy 
with  this  steadily-maintained  temperature,  a  combination  of  nitric  acid  and  water, 
haying  one  definite  strength,  will  pass  oyer ;  it  consists  of  four  equiyalents  of  water, 
united  with  one  of  real  nitric  acid. 

This  hydrate  possesses  a  far  more  stable  composition  than  the  one  already  des- 
cribed. It  may  be  distilled  many  times  successiyely  without  incurring  decompo- 
sition, or  exposed  to  the  direct  solar  rays  for  an  indefinite  period  with  similar  absence 
of  effect. 

Chemical  Qualities  and  General  Characteristics  of  Mtric  Add. — ^The  most  striking 
characteristic  of  nitric  acid,  and  the  one  upon  which  its  most  important  applications 
depend,  is  the  large  amount  of  oxygen  (5  equiyalents)  which  it  contains,  and  the 
facility  with  which  that  oxygen  is  imparted  to  other  bodies  haying  an  aflfinity  for  it. 

Dependent  upon  this  quality  of  nitric  acid  is  a  frequent  application  of  it,  in  the 
course  of  analysis  and  chemical  manufacture,  as  an  oxidizing  agent.  Dependent  also 
on  the  same  quality,  though  somewhat  more  remotely,  is  the  employment  of  nitrate  of 
potash  (nitre)  in  the  gunpowder  manufacture.  Nitre  contains  not  only  the  portion 
(fiye  equiyalents)  of  oxygen  doe  to  the  presence  of  nitric  acid,  but  one  equiyalent  in 
union  with  potassium  to  form  potash.  Nitrate  of  potash,  therefore,  contains  six 
equiyalents  of  oxygen  in  all.  Hence  it  foUows,  therefore,  that  if  nitrate  of  potash  be 
intimately  mixed  with  bodies  haying  the  property  of  burning  in  oxygen,  we  obtain  a 
mechanical  compound  which,  can  bum,  independentiy  of  the  presence  of  atmospheric 
air.  Of  this  kind  is  gunpowder.  If  the  student  wiU  now  turn  to  page  283,  in  which 
the  process  is  giyen  for  preparing  oxygen  gas  by  distillation  from,  chlorate  of  potash,  he 
will  at  once  perceiye  that  nitric  acid,  in  its  composition,  presents  a  striking  analogy 
to  the  chloric  acid;  and,  moreoyer,  that  nitrate  of  potash  is  the  exact  counterpart  of 


Digiti 


zed  by  Google 


TESTS  FOR  UNKNOWN  ACIDS.  317 


chlorate  of  potash,  merely  suhstituting  nitrogen  for  chlorine.  Not  only  is  there  a 
similarity  of  composition,  but  a  similarity  of  properties  also  between  the  nitric  and  the 
chloric  adds — ^the  nitrates  and  the  chlorates  respectively.  As  it  is  always  desirable  to 
let  no  opportunity  escape  of  impressing  generalizations  on  the  mind,  the  student  will  do 
well  to  remember  that  chloric,  nitric,  iodic,  and  bromic  acids,  constitute  a  well-marked 
group ;  and,  moreover,  that  there  also  exists  an  equally  marked  series  of  analogies 
between  their  combinations.  If  an  unknown  acid  yields,  on  combination  with  an 
alkali,  or  other  base,  a  salt  capable  of  forming  touch-paper,  the  salt  in  question  must 
be  either  a  nitrate,  chlorate,  iodate,  or  bromate ;  and  must  contain  either  the  nitric, 
chloric,  iodic,  or  bromic  acid.  Nitric  acid  may  be  individualized  by  the  following 
characteristics: — K  uncombined  with  a  base,  and  moderately  concentrated,  it  tinges 
the  skin,  and  animal  substances  generally,  deep  yellow;  hence  it  is  sometimes  employed 
as  a  dyeing  agent.  This  indication  of  nitric  acid  is  exceedingly  valuable  when  the  sub- 
stance has  been  administered  criminally.  Frequently  the  characteristic  just  indicated 
will  be  sufficient  as  a  qualitative  test  of  nitric  acid.  Should  there  remain  any  doubt, 
however,  the  following  plan  may  be  adopted : — 

Take  a  test-tube,  fit  to  it  accurately  a  cork  and  bent  delivery-tube,  passing  into  a 

solution  of  proto-sulphate  of  iron  (green  vitriol). 
The  arrangement  having  been  duly  made,  place  a 
few  shreds  of  copper  turnings  in  the  test-tube, 
pour  upon  it  the  suspected  acid,  and  apply  heat. 
If  the  solution  of  proto-sulphate  of  iron  turn 
black,  the  acid  employed  is  the  nitric.  The 
rationale  of  this  operation  will  be  made  known 
under^the  head  of  binoxide  of  nitrogen. 

Quantitative  Determination  of  ^  Nitric  Aeid. — 

Chemists  are  not  aware  of  any  test  endowed 

with  the  property  of   combining  with  nitric 

acid,    and   forming    an    insoluble   precipitate; 

the  quantity  of  this  acid  present  in   aqueous   solution — provided  no  other  matter 

be  there— ULAy  be  readily  ascertained  thus :— Weigh  a  given  quantity — say  200  grains 

—of  the  acid  solution  into  a  glass-flask,  dilute  with  water,  and  add  a  known  quantity 

of  oxide  of  lead ;  it  should  be  sufficient  not  only  to  combine  with  the  whole  of 

the  acid  present,  but  to  leave  a  portion  in  excess.    The  flask,  now  containing  nitric 

acid,  oxide  of  lead,  and  water,  is  to  be  exposed  to  heat,  which  will  drive  'off  all  the 

water,  and  leave  a  mixture  of  nitrate  of  lead  with  oxide  of  lead  behind.    If  the  flask 

be  now  weighed  again,  a  certain  loss  wiU  be  appreciable — that  loss  proportionate  with 

the  amount  of  water  originally  combined  with  the  nitric  acid.    This  operation  is 

founded  on  the  circumstance  that  nitrate  of  lead  is  an  anhydrous  salt — ^in  other  words, 

A  salt,  into  the  constitution  of  which  water  does  not  enter. 

Compoeition  of  Nitrie  Acid  demonstrated. — ^The  composition  of  nitric  acid  may  be 
proved  both  analytically  and  synthetically.  The  synthetical  method  consists  in 
exposing  a  mixture  of  oxygen  and  nitrogen  gases  in  contact  with  water ;  or,  stiU  better, 
an  alkaline  base  to  the  agency  of  electric  sparks.  If  a  mixture  of  oxygen  and  nitrogen 
gases,  in  known  proportions,  be  employed,  the  condensation  ensuing  will  be  found  to 
correspond  with  one  equivalent  (H  parts  by  weight)  of  nitrogen,  and  five  equivalents 
(40  parts  by  weight)  of  oxygen.  The  condensation  is  due  to  the  formation  of  nitric 
acid ;  and  on  its  union  wilh  water,  or  a  base  of  the  latter,  it  will  be  found  capable  of 
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mftkiiig  toucli*paper ;  hence,  considering  tlw  lindtetioii  of  tlie  «xperiBniit,  ft  mint  be  « 
nitmto,  «id  its  acid,  ooiur^ebtly,  <^  nitttc  i^fd. 

Al^^woi^k  it  is  &ec43ssafy  to  mi^t  the  two  gw«s  ^^  ^^  j^TGipwtiott  df  tiift  looiaposiltett 
of  nitiic  acid)  if  the  operator  decite  to  vk^abi  tbe  aMuoBiiilii  Uttouxit  ti  that  anid  £r«&i 
tJM  wiiriiMwwi  ttBOQnt  of  g«Mo«s  mixtiiio,--*fteTeri2telega,  portions  of  aitiio  nold  u« 
geiieiiitod,  whatever  tiie  i^tin&  subaisdng  betmren  the  t^-o  gmoN  «ay  b«w  I%tta^ 
for  «k»mple,  wtttospheiic  «ir  answers  p(Mfectly  wy>D  ;  tho  combiMttioft  of  nittoj^ 
with  oxyigen  «iuuo8,  and  nitttc  acid  is  fornred.  H«Boe  we  we  at  no  km  to  aoeoimt 
for  the  production  of  nitric  acid  in  nature,  and  toi  tbd  fret^ttont  pr^K^ce  of  nitnte  of 
anuHOiua  in  rain-water. 

Vhe  aanesftd  cut  represents  a  conrenient  nppuntns  Air  «lfe«ti&^  the  ooflihiualiob 

between  w:y^g&a  nad  iutxog«n  gasei.  A  i^st» 
tube,  open  at  heyth  ottds,U  bent  into «n obtt»e 
angle.  The  nngtdar  put  contains  tin  mixtniig 
of  oxygen  and  mtragien,  in  oMitwit  with  water, 
or  a  basic  aolntion,  and  each  <iwl  terminateb 
in  a  rcsad  of  nearcnry*  The  ttsnipnktiYe 
process  has  been  in  such  manner  conducted  that 
n  q^nantity  of  mercury  is  alldW^^  to  remain  in 
I  thn  tnhO)  lenving  a  sptod  between  its  two  enrihces,  across  which  ckctric  sparks  from 
l  a  MKiderately*^owerful  madiine  caa  dart  with  ease.  Inspecdon  of  the  diagram 
^  will  dMke  evident,  that  cin  establidking  deotrio  communiowtlon  with  the  two  vessels, 
I  a  current  of  sparki  wiU  Hish  through  the  intervening  space  containing  the  mixed 
gases. 

^alyticaUy^  the  {^(Mnpdsition  of  nitric  Ikcid  may  bo  tdetermined  by  deeomposLog 
nittnte  of  letod  in  a  tube  heated  t<>  todnesS,  transmitting  the  evolved  vaponr  through 
0<^»per  tunings,  also  heated  to  redness,  and  o6llectinf  the  final  gaseous  r««yltg.  The 
latter  will  be  nitrogen  acid,  in  such  prC^ortion  that  eatery  eifttiviient,  or  14  parts  by 
woight,  of  it  must  have  been  in  combination  with  five  equivalents,  or  forty  parts  by 
weight,  of  oxygon. 

Jktent^iimtion  i^f  the^etmoe  of  Kittite  Mid  in  (»mhmaiim  ftith  ^a8«^-«InaHnnch  a* 
all  nitrates  are  decomposable  by  the  united  influonoe  of  eu^huri<s  a<^d  nnd  heat,  the 
process  already  given  for  distinguishing  the  prtsonoe  of  unoombinod  nitrit  acid  M^uires 
to  be  modified  thus : — ^Mix  the  suspeoted  nitric  ncid  compound  with  a  few  shreds  of 
copper  turnings  in  the  distillatory  tube ;  add  sulphuric  Ikctd,  apply  hoat,  and  pass 
the  result  of  distillation  through  a  solution  Of  protosulphsito  of  iron.  If  the  latter 
become  Uackoned,  nitric  acid  in  tombination  will  have  been  present. 

Vtei  ^  MydrateA  Nitrie  Acid  {Aputf$rUi)s-^'^o\,  only  is  this  liqtkid  oxtensivdy 
employed  In  the  laboratory  of  researcb^  and  in  medicine,  but  it  is  also  of  v6ry  ott^siv^l 
use  in  the  arts.  The  commercial  acid  is  generally  not  quite  pOre*  It  is  apt  to  tontain 
iron,  eulphuric  and  hydrochloric  acids ;  it  is,  moreover^  generally  Coloured  twddish,  by 
the  presence  of  hyponitrous  and  nitrous  acids>  the  resultb  of  decomposition  of  a  portion 
of  nitric  acid.  The  latter  kind  of  impurity  is  usually  of  no  oonsequence^  even  in 
conducting  operations  of  analytical  delicacy ;  but  the  presence  of  all  other  impurities 
ehould  be  carefully  guarded  against  The  presence  of  iron  may  be  dcmonstmted,  if  it 
exist,  by  diluting  the  acid  with  w&ter,  and  adding  a  solution  of  ferro^yanide  of 
potassium  (prussiate  of  potash).  Sulphuric  acid  is  indicated  by  a  white  precipitate 
occurring  on  the  addition  of  a  baryta  salt  solution ;  and  hydrochloric  acid  by  a  solution 
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of  nitrate  of  silver,  ^ik  which  it  throws  down  a  white  precipitate.  From  iron  and 
sulphnric  acid  aquafortis  may  be  purified  by  slow  distillation^  condensing  the  result  in 
a  succession  of  receiyers,  as  represented  in  the  annexed  cut.    The  iron  will  be  wholly 

left  behind  in  t!ie  retor(^  so  in 

V        x^  //  ^  all  probability  wiU  the  Bolphuric 

.y.        v^— y  -vL      "*  J— jr4-v       ^^       ^f     acid  also;  but  should  any  of  the 

^     #  \^    JF  Nis^-^^  latter  come  over,  it  will  deposit 

in  the  first  receiver,  pure  nitric 
«cid  oollectuQg  in  the  second  «Ad  thud*  laasmuoh  as  hydro6hl(^c 
acid  is  exceedingly  volatile,  any  which  may  have  been  present  wiU 
come  over  duiibg  t^  ^HtSht&tf  «|)«rfltion  if  a  special  measure  of 
precaution  be  not  taken.  The  best  plan  consists  in  adding  a  solution 
of  rftrate  at  fiihr«r  to  1he  impure  atid,  waA  wibifequeiAly  ^stilling. 
Thfe  jflsjeory  of  Uiis  lemoTal  vill  be  etsjlained  imder  tihe  departmaits  ot  liydrochloiic 
»cld  and  Bilver. 

Hiitiivalent  OT  utottifs  weight ^4 

Atonic  4r  combining  Tolanie       ,                        v        •        *  i 

Spiecific  gravity  ,       •       . 1*5246 

'Rtstoricdt  Kotice  and  %W9«ym*«.— I*rotoxide  of  nitrogen  was  discovered  by  Dr. 
I^ifestley,  who  denominatefd  it  depJthffistimteii  nhnms  air.  By  the  associated  Dutch 
chemists  it  was  termed  gastbtA  oxide  of  azote.  The  apellation  nify-ous  oxide  was  given 
by  Davy,  and  that  of  im^^lnff  gas  poptdarly,  on  account  of  the  exhilarating  effects 
produced  by  its  inspiration.  Jh'otoxide  of  nitrogen^  however,  Is  Its  most  appropriate 
designation. 

iV<?para?w».— Nitric  *cid,  by  actfcog  Upon  laetals,  is  invariably  decomposed ;  but 
the  decomposition  is  tiot  always  iJic  same.  In  certain  cases  every  equivalent  of  nitric 
acid  loses  four  equivalents  of  oxygen,  when,  as  a  necessary  consequence,  protoxide  of 
nitrogen  results ;  in  others,  the  absorption  of  oxygen  is  not  proportionally  so  great, 
tiiree  equivalents  only  being  removed  froin  every  equivalent  of  nitric  acid,  when,  as 
the  necessary  consequence,  the  gas  next  to  be  described  is  evolved.  Frequently  the 
two  gases  ai«  simultaneously  generated.  If  zinc  be  the  metal  employed,  and  if  the 
nitric  acid  be  diluted,  protoxide  and  binoxide  of  nitrogen  are  simultaneously  evolved ; 
but  if  the  mixed  gas  be  allowed  to  stand  for  some  time  in  contact  with  zinc  or  iron 
filings  moistened  with  water,  the  binoxide  of  nitrogen  which  may  be  present  yields  up 
its  oxygen,  And  becomes  reduced  to  the  condition  of  protoxide. 

Thd  foregoing  method'of  preparation,  although  it  be  instructive  as  illustrating  the 
composition  of  the  compound  under  notice,  is  not  the  most  convenient  method  of 
preparing  it.  This  is  best  accomplished  by  the  distillation  of  a  crystallin)e  salt  termed 
nitrate  of  ammonia.  The  distillatory  apparatus  should  be  a  glass  retort  and  bell-glass, 
or  a  gasometer,  and  &e  heat  applied  should  not  exceed  500*^  Fah. 

Thus  treated,  the  d^omposition  of  nitrate  of  ammonia  is  complete :  it  entirely 
disappears,  water  and  protoxide  of  nitrogen  (the  latter  a  gas)  being  the  sole  results. 
The  theory  of  this  decomposition  will  be  tcadily  understood  by  reference  to  the  following 
diagram,  &om  which  it  appears  that  one  equivalent  of  nitrate  of  ammonia  consists  of 
one  equivalent  of  nitric  acid,  one  of  ammonia,  and  one  of  water ;  and  that  it  yields,  by 
decomposition,  two  of  protoxido  of  nitrogen  and  four  of  water. 
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1  Nitrate  of 
ammonia 


1  Nitric  acid 


1  Ammonia 


V  1  Water. 


2  Protoxide  of  nitrogen. 


4  Water. 


Or,  adopting  the  notation  of  chemical  symbols,  the  decomposition  stands  thus : — 
NH3H0.no*  =  2N0  +  4H0. 

Properties. — ^The  protoxide  of  nitrogen,  at  ordinary  temperatures  and  pressures,  is  a 
colourless  gas,  considerably  heavier  than  atmospheric  air,  sweetish  to  the  taste,  capable 
of  supporting  respiration  for  a  short  period,  and  giving  rise  to  a  kind  of  intoxication. 
It  is  rapidly  absorbed  by  water,  which  has  been  previously  boiled,  to  the  extent  of  nine- 
tenths  of  the  bulk  of  the  water  employed.  Water  which  has  thxis  been  saturated  with 
the  gas  evolves  it  again  unchanged  when  heated.  Protoxide  of  nitrogen  strongly 
resembles  oxygen  in  its  relation  of  supporting  combustion.  A  candle  bums  in  it  with 
a  brilliant  white  flame  and  crackling  noise.  Before  its  extinction  the  interior  flame 
becomes  enveloped  with  an  exterior  blue  one,  by  which  characteristic  it  may  be  distin- 
guished from  oxygen.  Sulphur,  if  introduced  into  this  gas  when  feebly  burning,  is 
extinguished;  but  if  in  the  state  of  full  combustion,  it  bums  with  great  vigour. 
Phosphorus,  if  ignited  and  immersed,  bums  with  almost  the  same  brilliancy  as  in  oxygen 
— ^nevertheless,  phosphorus  may  be  heated,  and  even  sublimed  in  the  gas,  without  com- 
bustion. Bed-hot  charcoal  bums  with  far  greater  brilliancy  in  protoxide  of  nitrogen 
than  in  atmospheric  air,  but  not  with  such  brilliancy  as  in  oxygen.  The  results  of  ^is 
combustion  are  half  a  volume  of  carbonic  acid  (containing  half  a  volume  of  oxygen), 
and  one  vobime  of  nitrogen,  from  each  volume  of  the  protoxide  decomposed.  A  mixture 
of  protoxide  of  nitrogen  and  hydrogen  gases  detonate  by  the  electric  spark,  or  may  be 
combined  by  the  agency  of  spongy  platinum.  The  result  of  combustion  varies  according 
to  the  quantity  of  gases  mixed.  When  the  volume  of  hydrogen  slightly  predominates, 
nitrogen  is  the  sole  gaseous  product  of  the  decomposition;  if  in  lesser  proportionate 
quantity,  some  nitric  acid  is  also  generated.  Under  a  pressure  of  30  atmospheres,  this 
gas  liquifies  at  32°  F.,  and  at  the  very  low  temperature  of  —  148°  F.  it  freezes. 

Determination  of  Protoxide  of  Nitrogen. — ^The  only  gas  with  which  it  can  be  confounded 
is  oxygen,  with  which  it  presents  many  common  points  of  similarity.  Chemical 
analysis  is  the  only  certain  method  of  distinguishing  the  two. 

Analysis  of  Protoxide  of  Nitrogen. — ^The  simplest  means  of  effecting  this  analysis  is 
by  the  employment  of  potassium,  as  follows : — Having  measured  off,  over  mercury,  a 
known  volume  of  protoxide  of  nitrogen,  transfer  it  to  a  small  retort  tube ;  then  pass 
up  through  the  mprcury  a  globule  of  potassium,  attached  to  an  iron  wire,  and  apply 
heat  externally.  Decomposition  of  the  gas  ensues.  The  phosphorus  uniting  with 
oxygen  forms  potash,  and  pure  nitrogen  remains.  The  tube  having  cooled,  the  gas 
must  be  transferred  back  to  the  graduated  vessel  in  which  it  was  measured.  Its 
volume  wiU  not  have  been  altered  by  the  decomposition,  notwithstanding  the  removal 
of  oxygen  from.  it.  We  arrive  at  the  conclusion,  therefore,  that  the  gas  contains  its 
own  volume  of  nitrogen. 
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Hence  if  we  deduct  from  the  ireight  of  one  volume  of  protoxide  of  nitrogen,  or,  in 
other  words,  the  specific  gravity  of  the  gas,  =  1*5246,  the  weight  of  one  volume  of 
nitrogen  or  t^  specific  gravity,  =  0-972,  there  remains  0*6526,  which  is  nearly  half 
the  specific  gravity  of  oxygen  gas.  Hence  one  volume  of  protoxide  of  nitrogen 
contains— 

1  volume  of  nitrogen 0*972 

i  volume  (one  atom)  of  oxygen     .     .     .     0*5628 

1-5248 

which  is  practically  identical  with  1*5246,  the  specific  gi?ivity  previously  given. 

The  analysis  of  protoxide  of  nitrogen  may  be  also  readily  effected  by  the  eudiomc- 

tric  method — ^namely,  mixture  with  hydrogen  and  subsequent  combination,  either  by 

means  of  the  electric  spark  or  by  spongy  platinum.    Let  us  assume  that  the  proportions 

of  gases  employed  in  the  eudiometric  determination  are  as  follows  :— 

100  measures  of  protoxide 

150         „  hydrogen 

250 
After  passing  the  electric  spark  let  us  assume  that  the  250  measures  have  become 
reduced  to  150,  showing  the  disappearance  of  100.  It  now  remains  to  be  seen  how 
much  hydrogen  exists  in  the  150  measures  of  gas.  The  determination  is  effected  as 
follows : — Introduce  50  measures  of  oxygen, — making  200  altogether, — ^and  again  pass 
the  electric  spark.  There  will  now  remain  only  125  measures  of  gas,  75  measures 
having  disappeared — oxygen  and  hydrogen— in  the  proportions  necessary  to  form 
water — namely,  50  of  hydrogen  and  25  of  oxygen.  Consequently  in  the  150  measures 
of  gas  which  remained  after  the  first  detonation,  there  were  50  measures  of 
hydrogen,  and,  consequently,  100  of  nitrogen.  Now,  seeing  that  we  at  fiist  had  150 
measures  of  hydrogen,  and  that  50  have  been  accounted  for,  100  measures  must  have 
been  exhausted  in  combining  with  the  protoxide  of  nitrogen,  which,  therefore,  ai-e 
proved  to  contain, 

100  measures  of  nitrogen, 
50  „  oxygen. 

Fhynologiesd  effects  of  the  Gas.— Yery  soon  after  the  discovery  of  this  gas  its  property 
of  exhilaration  when  breathed  was  remarked.  The  term  laughing  gas^  however,  popu- 
larly given  to  it,  is  so  far  incorrect,  that  laughter  is  by  no  means  a  universal  result  of 
its  inhalation.  The  effect  produced  is  a  transient  intoxication,  during  which  various 
phases  of  character  manifest  themselves — the  tendency  to  fight  being  at  least  as  usual 
as  the  tendency  to  laugh. 

BINOXTDE  OP  NITROGKN. 

Equivalent  or  atomic  weight  ....        30 
Atomic  volume 


Specific  gravity       .        .        .        .        .        .     1*0395 

Sistorieal  Notice  and  Synonynus, — ^This  combination  of  nitrogen  and  oxygen  was 
discovered  by  Hales,  but  first  carefully  studied  by  Piicstley.  In  addition  to  the  term 
binoxide  of  nitrogen,  by  which  I  have  denominated  it,  the  combination  is  also  known 
as  deutoxide  ofniU'ogen^  nitrous  gas,  and  nitric  oxide, 

CHEMISTRY.— No.  XI.  y 
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Prepartition, — The  simpiest  and  most  usual  metlrtyd  of  preimiiig  tills  compound 
consists  in  the  decomposition  of  nitrie  aeid  by  certain  metals^  of  irhich  copper  is 
perliops  the  most  eligible,  to  instere  pmity  of  the  gas  by  this  open^sm,  it  is  neoessaxj 
that  the  nitric  acid  he  conaideBaiUy  dilated,  and  that  the  mixtuze  be  ks|^  cool  dariDg 

the  evolution  of  gas.    The  decomposition  which  ensues  is  illustrated  by  the 
diagram : — 

rl  Nitrogen — -p 1  Binoxide  of  Nitrogen. 

1  Nitric  Acid  <  2  Oxygen  y^ 

(3  Oxygen  \ 

3  Copper L  Oxide  of  Copper\ 

3  Nitric  Acid ^3  Nitrate  of  Oxide  of  Copper. 

This,  although  the  usual  process  had  i«eourae  to  ibr  the  generation  of  binoxide  of 
nitrogen,  is  very  apt  to  develop  the  gas  in  the  condition  of  slight  impurity.  For  all 
ordinary  purposes,  this  is  immaterial ;  but  when  extreme  purity  is  required,  the  best 
process  for  manufacturing  binoxide  of  nitrogen  consists  in  healing  nitrate  of  potash 
with  a  solution  of  protochloride  of  iron  in  an  excess  of  hydrochloric  acid. 

Before  describing  the  decomposition,  which  is  somewhat  more  complex  than  any 
which  have  come  under  our  notice  hitherto,  I  must  premise  a  few  explanations.  Proto- 
chloride of  iron  is  employed  in  the  decomposition  *,  and  we  shall  presently  observe  that 
the  protochloride  will  be  converted  into  the  sesquichloride  of  that  metal.  The  expres- 
sions i?ro  to-chloride  and  sesqui-chloTide  must  therefore  be  well  understood.  Protoddoride 
of  iron  is  a  union  of  chlorine  with  iron  in  the  first  grade  of  chlorination.  It  is  matte  up 
of  one  equivalent  of  chlorine  in  union  with  one  equivalent  of  iron.  There  is  yet  another 
compound  of  these  elements,  in  which  the  proportion  of  chlorine  is  greater,--the  greatest 
portion,  in  fact,  which  a  given  weight  of  iron  is  able  to  combine  with.  Hence  it  is  some- 
times called  the  ^er-chloride  of  iron,  from  the  Latin  per  (very  much) ;  but  the  term 
sesqut'CbloTide  is  more  eligible  {sesqui,  one  and  a-half)^  because  it  indicates  the  exact 
ratio.  Sesquichloride  of  iron  is  a  compo\md  of  two  equivalents  of  inm,  in  imion  with 
three  equivalents  of  chlorine,  thus,  (F^  Cl.^),  which  is  the  ratio  of  1  :  IJ. 

The  decomposition  will  be  rendered  more  intelligible  by  means  of  a  diagvaab 


Nitrate  of 
Potash 


^  ( 1  Nitrogen  — ^ — ^  1  Binoxide  of  Nitrogen. 

1  Nitric  Acid     -[2  Oxygen 
V  3  Oxvcen 


3  Oxygen 
1  Potash  {lSx?S^ 


4  Hydro-  (  4  Hydrogen- 
chloric 


ydro- / 4 
oric  I 
cid     ( 4 


1 4  Water. 


Acid    U  Chlorine     {ICUorino 


6  Proto-  ^6  Chlorine - 


chloride  {  }  3  Sesquichloride  of  Iron. 

of  Iron    (6  Iron J 
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Or  tbe  aame  deoompositloa  is  indicated  by  gymbolical  notatioii  as  fcSikma  :—- 
6FeCl  +  KO  .  N05  +  4HC/=  N02  +  3  (Fe^  C^)  -r  K  e/  +  4H0. 

The  pfDchidride  of  ircm  employed  ia  the  decomposition  is  thus  prepared : — ^Take 
two  TOixuDea  of  hy^broehibric  acid.  Heat  one  with  iron  filings  until  no  more  of  the 
lattetwiUdlBSolye;  we  ^us  obtaiii  a  solution  of  protochloride  of  iron;  finally,  add 
to  flie  ttixtune  thuB  obtained  the  second  volume  of  acid.  The  solution  is  now  ready 
for  imeocporatioa  with  nitrate  of  potash. 

FrepertieB^-^Sinoxide  of  bitrogen,  whieherer  iftoeetn  be  adopted,  m  Hberatec^  in  the 
state  of  a  e<^urlei0  'gas,  devoid  of  both  acid  ta^  aikaHne  qualities,  and  of  ordinary 
oombnatible  properties.  It  may  be '  coUeeted  either  over  mercury  or  water,  notwith- 
BtaBodSng  HuA  one-twentieth  is  dissolved  by  pure  recently  boiled  water. 

When  allowed  to  oome  in  contact  with  atmospheric  air  or  oxygen,  ruby-red 
vi^UM  of  hyponitnms  and  nitrous  acid  result,  which  are  rapidly  absorbed  by  water. 
This  prc^erty  of  binoodde  of  nitrogen  inlluoed  Priestley  to  ^iploy  it  as  an  agent  for 
endloDietrie  purposes*  It  is,  however,  an  incorrect  method,  beoanae  fayponitrous  and 
nilnNHi  aeidtf-MMXUisionally  also  nitric  acid^— being  generated  in  varisbls  proportions, 
tito  aiMunt  of  oondenaation  »  scareely  ever  tiie  same  for  any  two  consecvtive 
experiments.    This  may  be  illustrated  by  tiie  following  scheme  :-— 

Binoxide  of  nitrogen,  as  will  be  shown  hereafter,  is  a  oompound  of  one  vohune  of 
nitrogen  with  one  of  oxygen,  no  contraction  ensoing ;  there&re  it  admits  of  bong  thus 
indicated  >^ 

Binoxide  of  Kitrogen, 


1» 

o 

0 

By  combination  with  different  amounts  of  oxygen,  binoxide  of  nitrogen  is  converted 
into  hyponitrous  and  nitrous  acid,  and  nitric  add,  respectively.  The  exact  amoimts 
of  oxygen  required  for  this  purpose  are  as  follows : — 
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=    Hyponitrous  Acid. 
r:::    Kiitrons  Acid, 
r^    Nitric  Acid. 


Priestley  was  the  first  who  suggested  the  employment  of  binoxide  of  nitrogen  as  an 
eudiometric  agent  He  was  unaware  of  the  indeterminate  nature  of  the  resulting 
combinations,  and  assumed  that  every  volume  of  the  binoxide  was  rendered  capable 
of  absorption  by  water  by  the  addition  of  one-fourth  its  own  volume  of  oxygen  exactiy ; 
in  other  words,  he  assumed  that  hyponitrous  acid  was  the  sole  result  of  combination. 
If  llus  condition  could  be  universally  depended  upon,  the  total  amount  of  oxygen  con- 
tained in  any  gas  might  be  determined  by  adding  binoxide  of  nitrogen  until  ruBy-red 
vapours  ceased  to  appear,  waiting  until  absorption  had  been  perfected,  and  dividing  the 
amount  of  gas  lost  by  absorption  by  four. 

It  remains  now  to  state  that,  amongst  the  conditions  which  interfere  with  the  rate 
of  absorption,  the  following  are  well  recognized  -.—Amount  of  agitation  to  which  the 
two  gases  are  subjected— rapidity  of  mixture — opposite  conditions  of  mixture,  such  as 
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whether  the  binoxide  be  added  to  the  air,  or  other  oxygenous  gas,  or  the  latter  to  the 
binozide — ^relative  proportions  of  the  two  gases — heat  of  the  mixture. 

The  abstraction  of  oxy- 
gen gas  by  means  of 
binoxide  of  fiitrogen  can 
be  easily  conducted  as 
follows  :--0n  the  shelf  of 
a  pneumatic  trough  inTert 
a  jar  containing  atmo- 
spheric air.  Let  the  exact 
space  filled  with  the  atmo- 
spheric air  be  indicated  by 
a  file  scratch,  and  let  it  be 
regarded  as  constituting  one  volume.  Let  there  be  provided  a  second  jar  or  bottle,  the 
contents  of  which,  when  closed  with  a  glass  valve,  are  equal  to  the  volume  marked  off 
in  the  first.  Fill  the  second  with  binoxide  of  nitrogen,  and  add  it  to  the  atmospheric 
air  confined  in  the  first,  when  red  vapours  will  appear,  and,  becoming  absorbed,  the 
resulting  gaseous  contents  will  not  fill  two  volumes,  by  some  variable  quantity 
dependent  on  the  relative  amounts  of  hyponitrous  and  nitrous  acid  formed. 

An  ignited  match  or  taper  plunged  into  binoxide  of  nitrogen  is  extinguished ;  so  is 
burning  charcoal,  except  its  combustion  at  the  instant  of  immersion  be  intense,  under 
which  condition  it  bums  with  increased  splendour.  Ignited  sulphur  is  at  once 
extinguished  when  plunged  into  a  vessel  containing  this  gas,  and  phosphorus  may  be 
sublimed  in  an  atmosphere  of  binoxide  of  nitrogen  without  burning.  If,  however, 
phosphorus  already  well  ignited  be  immersed,  the  combustion  is  very  intense.  These 
experiments  strikingly  illustrate  the  power  of  chemical  decomposition  in  modifying 
the  character  of  bodies.  Binoxide  of  nitrogen  contains  twice  as  much  oxygen  as 
protoxide,  and  yet  it  does  not  support  combustion  with  equal  facility.  Binoxide  of 
nitrogen  is  absorbed  with  great  facility  by  a  solution  of  protosulphate  of  iron,  forming 
a  liquid  the  exact  composition  of  which  has  not  been  determined.  It  rapidly  combines 
with  oxygen  gas,  as  we  have  seen.  Nitric  acid  also  dissolves  a  considerable  quantity 
of  the  gas,  and  then  becomes  a  coloured  liquid,  sold  in  commerce  under  the  appellation 
of  nitrous  acid ;  it  is  very  different,  however,  from  the  true  chemical  nitrous  acid  pre- 
sently to  be  discussed.  The  changes  effected  on  nitric  acid  by  the  absorption  of 
binoxide  of  nitrogen  have  been  well  studied.  They  are  as  follow : — ^A  portion  of  the 
binoxide,  by  its  tendency  to  combine  with  oxygen,  receives  from  nitric  acid  a  portion 
of  this  element ;  thus  giving  rise  to  two  portions  of  nitrous  acid— one  firom  the  nitric 
acid  deprived  of  a  part  of  its  oxygen,  the  other  from  the  binoxide  employed  converted 
to  a  higher  state  of  oxygenation.  The  mutual  reaction  of  nitric  acid  and  binoxido^of 
nitrogen  only  takes  place  when  the  nitric  acid  employed  is  concentrated  above  ft  certdin 
grade,  and  the  colour  of  the  result  varies  according  to  the  strength  of  the  nitric  acid. 
Konohydrate  of  nitric  acid  gives  rise  to  a  liquid  which  is  brown.  A  slight  amount  of 
dilution  produces  a  yellow  tint ;  and  when  the  nitric  acid  employed  obtains  a  specific 
gravity  of  1*35,  the  result  of  passing  binoxide  of  nitrogen  through  it  is  green.  When 
the  specific  gravity  of  the  nitric  acid  is  still  further  lowered  by  dilution,  binozide  of 
nitrogen  no  longer  gives  rise  to  an  alteration  of  tint. 

Anaiym  of  Binoxide  of  Nitrogen.--^ ) .  By  heating  it  with  potassium  in  a  curved  tube 
retort,  as  was  done  in  effecting  the  analysis  of  protoxide  of  nitrogen  (page  320),  by 
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which  operation  the  resulting  gas  is  found  to  occupy  half  the  space  of  the  original 
binozide ;  hence  one  yolume  of  binoxide  contains  half  a  Tolume  of  nitrogen. 

SubtractingfromthespecificgraTity  of  the  binozide  .        .    1'039 
Half  the  specific  gravity  of  nitrogen 0*486 

There  remains 0*553 

which  is  very  near  half  the  specific  gravity  of  oxygen  gas. 
One  Yolume  of  binoxide  of  nitrogen  therefore  contains 

Specific  gravity. 

i  yolume  of  nitrogen 0*486 

i  Tolume  of  oxygen 0*552 

1038 
without  condensation ;  from  which  circumstance  we  infer  that  the  combining  or  atomic 
volume  of  the  binoxide  is 


Binoxide 

Nitrogen 

N      O2 

Hydrogen 

N 

0 

0 

(2).  By  admixture  with  hydrogen,  and  subsequent  explosion  in  a  eudiometer. 
Equal  volumes  of  binoxide  of  nitrogen  and  hydrogen  being  mixed  and  exploded, 
the  result  is  water  and  nitrogen,  as  represented  by  the  annexed  diagram. 

Water 

when  inflamed  produce  1 1   • 

Hence  the  composition  of  the  binoxide  of  nitrogen  is 
Atoms.      Atomic  weight. 
or,  Oxygen    2        =        16 
Nitrogen  1        =        14 

30  Atomic  weight  of  Binoxide. 
We  have  already  deduced  the  specific  gravity  of  the  binoxide  by  one  form  of  calcula- 
tion.   We  may  check  that  result  by  adopting  another  form,  the  principles  of  which 
have  been  described  at  page  171. 

specific  gravity    Atomic  weight    Specific  gravity 
of  hydrogen.        of  binoxide.         of  binoxide. 

'>'''^X      ^        ''      =       10396 

HTP0NITR0U8   ACID. 

Equivalent  or  atomic  weight     .        .        .        .38. 

History  and  Synonymes — The  existence  of  this  compound  was  inferred  by  Gay 
Lussac,  who  concluded  from  his  experiments*  that  a  compound  of  nitrogen  and  oxygen 
exists  intermediate  between  binoxide  of  nitrogen  and  nitrous  acid.  He  mixed  binoxide 
of  nitrogen  and  oxygen  together,  in  tubes  standing  over  mercury,  and  containing  some 
concentrated  solution  of  potash,  and  found  that  under  these  circumstances  four  volumes 
of  binoxide  of  nitrogen  were  condensed  by  one  of  oxygen.  Now  four  volumes  of  the 
binoxide  contain  two  volumes  (equal  to  two  atonu)  of  nitrogen,  and  two  volumes  (equal 
to  four  atoms)  of  oxygen.  Add  to  these  one  volume  or  two  atoms  of  oxygen,  and  we 
•  *<  Annalee  de  Chim.  et  Phye.,"  I.,  899. 
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ha¥8  a  oompound  of  six  atoms  oxygen,  and  two  nitrogen ;  or,  halving  the  nnmbers, 
three  atoms  oxygen  and  oiae  of  nitrogen.  This  is  the  composition  of  hyponitrons  acid, 
termed  by  Graham,  in  England,  and  the  greater  number  of  chemists  abroad^  azotons, 
or  nitrons  acid. 

FrepatHttwn. — The  most  conyenient  method  of  generating  hyponitrous  acid  consists 
in  passing  tiirough  a  U-tube — cooled  by  some  refrigerating  mixtnre,  such  as,  ice  and 
snow — a  current  of  mixed  gas,  composed  of  binoxide  of  nitrogen  and  oxygen,  in  the 
theoretical  proportions  for  generating  hyponitrous  acid-^4uunely,  four  Y<dume8  of 
binoxide  of  nitrogen  and  one  volume  of  oxygen.  Hyponitrous  acid  condenses  in  the 
TJ-tube,  under  the  form  of  a  blue  liquor.  A  portion  of  nitrous  acid  is  ako  produced 
during  this  operation ;  and  if  the  theoretical  amount  of  oxygen  gas  be  increased,  the 
quantity  of  nitric  acid  generated  is  still  more  considerable. 

Properties. — Hyponitrous  acid,  on  account  of  the  extreme  facility  with  which  it 
decomposes,  has  been  only  imperfectly  studied  free  and  unmixed  with  other  nitro- 
genous compounds.  Owing  to  this  facility  of  decomposition,  its  atomic  or  combining 
volumes,  and,  consequently,  .its  specific  gravity,  are  unknown.  Although  difficult  to 
procure  in  a  state  of  isolation,  hyponitrates  (combinations  of  hyponitrous  acid  with 
bases)  are  obtained  wifii  moderate  facility.  Hyponitrate  of  potash  is  one  of  the  most 
easily  prepared.  We  have  already  seen  that  nitric  and  chloric  acid,  also  nitrates  and 
chlorates,  are  respectively  similar ;  we  have  also  seen  that  chlorate  of  potash,  subjected 
to  a  sufficient  amount  of  heat,  is  decomposed,  chloride  of  potassium  being  the  fixed  or 
solid  result,  and  oxygen  being  evolved.  Nitrates  of  potash  also  yields  oxygen  when 
similarly  treated ;  but  the  scheme  of  decomposition  is  different,  owing  to  liie  want  of 
affinity  between  nitrogen  and  potassium.  If  nitrate  of  potash  be  cautiously  heated  in 
a  retort  of  green,  or  hard  German  white  glass,  pure  oxygen  is  evolved ;  if  the  heat  be, 
however,  increased,  then,  towards  the  latter  period  of  the  operation,  a  mixture  of 
nitrogen  with  oxygen  is  the  result  During  the  period  when'oxygen  alone  is  evolved, 
the  decomposed  nitrate  of  potash  becomes  hyponitrite  of  potash ;  and  if  the  distillation 
be  cautiously  regulated,  stopping  it  before  tiie  evolution  of  nitrogen,  the  solid  matter 
ffimaining  in  tha  ftetort  craisists  chiefly  of  hyponitrite  of  potash.  Now,  inasmuch  as 
hyponitrita  of  potash  is  soluble  in  alcohol,  and  nitrate  of  potash  is  inaoinbld  in  liiat 
menstruum,  we  have  a  ready  means  of  separating  the  two.  Or  we  may  precipitate  tiie 
hyponitrous  acid  by  nitcato  of  silver,  with  the  oxide  of  which  netal  it  forms  a  white 
insoluble  compoimd. 

Nnnoirs  acid* 
Equivalent  or  atomic  weight    ....        46 

Atomic  or  combining  size        .        .        .        .    | 


Specific  gravity       , 1593 

fl^nonywt^..— Hypoazotic  or  hyponitric  acid. 

F^eparatum, — It  has  already  been  remaxked  that  when  binoxide  of  nitrogen  is 
transmitted  tinrough  concentrated  nitric  acid,  absorption  of  the  gas  takes  place,  accom- 
panied wil^L  decomposition  of  a  portion  of  the  nitric  acid,  the  remaining  portion 
acquiring  a  red  colour.  Nitric  acid  thus  affected  is  the  nitrous  acid  of  commerce.  In 
addition  to  the  artificial  process  of  manufacturing  it,  as  just  described,  it  is  fireqnentiy 
the  result  of  the  ordinary  process  of  manufacturing  aquafortis,  especially  towards  the 
end  of  that  operation.    If  aquafortis  of  this  kind  be  cautiously  distilled,  and  the 
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products  of  distillation  passed  through  a  XJ-tube,  maintained  cold  by  means  of  ice,  a 
considerable  amount  of  nitrous  acid  will  be  condensed ;  but  a  still  better  method  of 
preparing  it  consists  in  the  distillation,  in 
a  small  German  glass  retort,  of  the  salt 
nitrate  of  lead,  previoudy  well  dried.  The 
retort  should  be  comiected,  as  just  described, 
with  a  TJ-tube  recipient,  maintained  cool  by 
means  of  a  freezing  mixture. 

Properties. — An  orange-coloured  liquid, 
haying  a  density  of  ]*42^.  It  boils  at 
37*4°  Fah.,  and  solidifies  at  the  temperature 
of  —  7  7**  Fah .  Its  vapour  is  intensely  red, 
and  has  a  density  or  specific  gravity  of  1*72. 
Although  the  specific  term  nitrotts  acid  is 

applied  to  this  compound,  yet  it  can  scarcely  be  considered  an  acid  in  the  sttict 
logic  of  chemistry,  seeing  that  it  does  not  combine  with  bases.  If  potash,  or  soda,  or 
basic  substances  generally,  be  brought  into  contact  with  it,  instead  of  directly  com- 
bining it  decomposes,  and  yields  a  mixture  of  hyponitrite^  and  nitrate  of  the  base. 
Hence  some  chemists  regard  it  as  a  combination  of  nitric  with  hyponitrona  acids ;  or  as 
isomeric*  with  monohydrate  of  nitric  acid,  the  one  atom  of  water  in  which  has  been 
replaced  by  an  atom  of  hyponitric  acid.  In  point  of  fact,  nitrous  acid  is  readily 
decomposed  by  contact  with  warm  water,  hydrated  nitric  acid  and  hyponitrous  acid 
being  the  results.  Nitrous  acid  is  so  far  from  being  really  an  acid  that  it  acts  the  part 
of  a  weak  base  to  many  acid  bodies.  For  instance,  it  may  be  caused,  by  a  peculiar 
treatment,  to  combine  with  sulphxuic  acid. 

Combinations  •£  Hydrogen  with  Nitrogen.— It  is  probable  that  hydrogen 
and  nitrogen  unite  in  four  different  ratios,  giving  rise  to  four  distinct  bodies,  as 
follows  :— 

Imidogen ....    NH  [  Ammonia  ....    NH3 
Amidogen         .        .        .    NH.^  |  Ammonium       .  .    NH4 

The  existence  of  all,  except  amm»nia,  however,  is  h3rpothetical,  neither  of  them  being 
capahle  of  isolation.    Ammonia  will  first  claim  our  attention. 

AMMONIA. 

Equivalent  or  atomic  weight 17 

Atomic  size 


Specific  gravity 0-5902 

Sistory  and  Synoftymes. — The  knowledge  of  ammonia  as  a  separate  agent  belongs 
to  a  period  of  modem  chemistry ;  but  certain  of  its  combinations,  especially  the  hydro- 
chlorate  (sal-ammoniac),  were  known  at  a  period  of  very  high  antiquity.  Ammonia 
was  formerly  denonnnated  the  volatile  alkali — a  name  which  is  still  occasionally 
employed. 

Preparation. — By  applying  heat  to  a  mixture  of  one  part  pulverized  sal-ammoniac 
and  two  parts  quicklime :  both  by  weight.  The  operation  may  be  conducted  in  a 
glass  retort,  or  fiask,  and  the  resulting  ammonia  (a  gas),  if  required  absolutely  free 
firom  atmospheric  air,  must  be  collected  over  mercury. 

*  lO'os  equal,  fitpos  part,  baviafl^  aa  eqwl  aamber  of  inrts. 
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The  decomposition  is  as  follows : — 

Hydrochlorateof(^°^°^°^^*    '     *     '  ( H 'dr^    '     *     '''''^'' 
Ammonia       1  Hydrochloric  ^cid  J  ^^^^^^'^  ^ 

Lime  {  Oxygen ^^  Water 

(Calcium -^Chloride  of  Calcium 

Or  in  chemical  symbolic  notation  thus  : — 

NH3  nCl  +  CaO  =  NH3  +  CaCl  +  HO. 

If  the  admixture  of  a  slight  portion  of  atmospheric  air  be  of  no  consequence,  the 
process  of  displacement^  as  it  is  termed,  may  be  had  recourse  to.  The  operation  of 
displacement  is  one  of  the  most  common ;  not,  however,  as  applied  to  two  gases.  The 
act  of  pouring  fluid  into  a  cup  or  bottle  is  one  of  displacement,  atmospheric  air  being 
displaced  by  the  water  or  other  liquid.  In  certain  cases  this  operation  admits  of  being 
advantageously  applied  to  the  collection  of  gases,  as,  for  example,  in  the  present 
instance.  Ammonia,  in  consequence  of  its  rapid  absorption  by  water,  does  not  admit 
of  collection  over  that  liquid,  and  the  use  of  mercury  is  inconvenient  where  large 
volumes  of  gas  are  concerned.  Taking  advantage,  therefore,  of  the  fact  that  the  specific 
gravity  of  ammonia  is  something  more  than  half  the  specific  gravity  of  atmospheric 
air,  we  may,  by  careful  manipulation,  displace  the  latter  by  the  former,  without  giving 
rise  to  any  considerable  amount  of  admixture.  It  is  evident,  however,  that  the  usual 
condition  of  transference  must  be  reversed,  the  receiving  jar  being  placed  mouth 
downward,  as  indicated  in  the  annexed  cut. 

The  process  of  displacement  only  succeeds   when  the   gas   is   of  such  nature 

as    to     afford     physical    indica- 
tions   of    its    overflow.     This  is 
eminently  the  case  with  ammonia, 
which   not   only  has  a   powerful 
odour,  but  which  gives  rise  to  dense 
white  fumes  of  sal-ammoniac,  when 
a  glass  rod,  previously  dipped  in 
hydrochloric  acid,  is  brought  into 
contact  with  it.    So  soon,  therefore, 
as  the  overflow  of  ammonia  is  indi- 
cated by  this  test,  the  delivery  tube 
I    is  to  be  withdrawn,  and  the  mouth 
of  the  bottle  occluded  with  an  accu- 
rately-fitting greased  glass  valve. 
Properties— AmmomOj  as  we  have  just  recognized,  is  an  invisible  gas,  having  a  well 
known  pungent  odour.  Its  density  is  0  -59 7  (by  actual  weighing) .  Ammonia  is  a  powerful 
alkali ;  and  being  the  first  alkali  that  we  have  occasion  to  notice,  this  will  be  the  fitting 
opportunity  for  describing  the  properties  of  an  alkali  generally.    The  most  generic  pro- 
perty of  an  alkali— the  property  common  to  all— is  that  of  restoring  litmus-paper  red- 
dened by  an  acid  to  its  original  blue,  and  of  changing  to  brown  a  slip  of  yellow  turmeric 
paper.    If  a  slip  of  either  of  these  papers  acquire  its  original  colour  by  the  application 
of  heat,  the  alkali  which  effected  the  change  must  have  been  volatile,  and,  for  all 
practical  purposes,  it  may  be  considered  ammonia;  nevertheless,  ammonia  is  not,  as 
was  once  imagined,  the  only  volatile  alkali :  conia,  the  active  principle  of  hemlock,  is 
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another;  and  others,  though  yery  rare,  are  known  to  the  organic  chemist  "With 
respect  to  the  reddened  litmus-paper,  its  preparation  is  a  matter  of  some  delicacy.  The 
slip  should  not  be  reddened  by  immersion  in  an  acid,  however  weak  the  latter  may  be. 
It  should  be  held  for  a  few  instants  over  a  portion  of  some  yolatile  acid,  hydrochloric 
acid  being  probably  better  adapted  to  this  end  than  any  other.  Ammonia,  like  all 
other  alkalies,  is  a  powerful  boidf  a  term  which  we  have  scarcely  had  occasion  to  use 
hitherto,  and  which  requires,  therefore,  a  few  words  of  comment  If  we  could 
annihilate  the  chemical  discoyeries  and  doctrines  of  the  last  five-and-thirty  or  forty 
years,  and  reyiye  the  theoretic  views  of  Lavoisier  in  aU  their  pride,  their  simplicity, 
and  their  fallacy,  we  might  discuss  the  word  base  in  a  very  summary  manner,  simply 
defining  it  as  that  whieh  by  union  with  an  acid  forms  a  salt.  This  statement  by  no 
means  satisfies  the  requisitions  of  modem  chemical  knowledge ;  yet,  despite  its  partial 
inaccuracy,  it  is  one  to  which  even  the  educated  chemist  clings  with  pertinacity,  and 
it  is  one,  therefore,  which  the  young  chemist  may  provisionally  adopt,  until  starting 
from  the  contemplation  of  hydrochloric  and  the  other  hydracids,  he  finds  the  summary 
definitions  of  Lavoisierian  celebrity  to  be  inapplicable.  For  the  present,  the  learner 
cannot  do  better  than  to  assume  that  a  base  in  chemical  language  is  that  which  by 
imion  with  an  acid  forms  a  salt  Thus,  sulphuric  acid,  combined  with  ammonia  as 
base,  forma  sulpha^  of  ammonia,  sulphurou*  acid  sulphite  of  ammonia,  hydrochloric 
acid  hydrochlora/«  of  ammonia,  and  so  forth. 

Ammonia  is  absorbed  by  water  completely,  and  with  extreme  rapidity ;  hence  the 
impossibility  of  collecting  it  over  a  water  pneumatic  trough.  This  property  also  will 
enable  the  operator  to  determine  whether  his  process  of  collection  by  displacement  has 
been  successfully  performed.  If  the  receiving  bottle,  when  immersed  mouth-downwards 
in  water  and  agitated,  speedily  fill  with  water,  the  original  gas  was  not  mixed  with 
atmospheric  air ;  if,  on  the  contrary,  a  certain  volume  remains,  this  is  a  sign  that  the 
collected  gas  was  not  pure. 

A  jet  of  ammonia  is  not  capable  of  burning  in  atmospheric  air ;  but  when  injected 
into  oxygen  gas,  and  ignited,  it  bums  with  a  pale  yellow  flame. 

Analysis  of  Ammonia, — By  transmitting  ammonia  through  a  porcelain  tube  heated 
to  redness,  partial  decomposition  ensues ;  and  by  repeating  the  operation  a  sufficient 
number  of  times,  complete  decomposition  may  be  effected.  The  presence  of  a  few 
clippings  of  platinum  or  copper  in  the  tube  materially  facilitates  the  change.  The 
metals  themselves  are  not  affected,  and  merely  promote  Hie  decomposition  of  ammonia 
by  what  is  termed  catalysis.*  The  complete  decomposition  of  ammonia  is  effected  by 
transmitting  it  over  quicklime  in  a  tube  heated  below  redness.  If  the  degree  of  heat 
be  more  considerable,  complete  decomposition  docs  not  ensue.  Ammonia  is  also  decom- 
posed by  transmitting  through  it  a  series  of  electric  sparks.  If  the  operation  bo 
conducted  in  a  graduated  tube,  the  gas  will  be  seen  to  continue  expanding  a  little  for 
each  successive  electric  spark,  imtil  it  at  last  occupies  double  the  space  of  the  original 
ammonia.  The  gas  thus  produced  will,  on  examination,  be  found  a  mixture  of  hydrogen 
and  nitrogen,  in  the  ratio  of  three  hydrogen  to  one  nitrogen  by  volume.  Now,  a 
volume  of  hydrogen  and  of  nitrogen  correspond  with  an  atom  of  each,  whence  the 
deduction  is  arrived  at  that  ammonia  must  be  a  compound  of  three  atoms  or  equivalents 
of  hydrogen  and  one  of  nitrogen.  Lastly,  the  atomic  volume  of  ammonia  may  be 
deduced  from  the  following  consideration : — The  operation  of  transmitting  electric 
sparks  doubled  the  volume  of  gaseous  matter :  hence,  calling  the  final  result  four 

*  See  page  28S. 
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YoluAieSy  the  ammoma  originally  present  must  have  occupied  two,  and  the  atomic  or 
combining  volume  of  ammonia  will  be  thus  indicated —     I 


Ammoma  9t  S0°  Fah.  liquifies  under  a  pressnre  of  six  and  a  half  atmoi^heies ;  and 
at  the  very  low  temperature  <rf  — 113**  Fsik.  the  liquid  solidifies. 

Aqueout  SoluHon  of  Ammonia:  Hartshorn,  —  Under  the  designatioiis,  liquid 
ammonia,  liquor  ammonisB,  and  hiBrtshom,  a  highly  pimgcnt  fluid  is  sold.  It  is  not 
liqmd  ammonia,  however,  but  a  solution  of  ammoniacal  gas  in  water.  This  compound 
may  be  prepared  either  by  transmitting  gaseous  ammonia  through  a  series  of  Woulfes 
bottles  cogataimng  water,  or  by  distilling  a  mixture  of  sal-ammoniac  lime  and  water, 
instead  of  tibe  two  former  dry.  Water  can  dissolve  nearly  half  its  weight,  or  670  times 
its  vdume,  of  ammoniacal  gas. 

Formation  o/Amtnoma, — ^Although  a  compound  of  hydrogen  and  nitrogen  in  known 
proportions,  ammonia  cannot  be  ibrmed  by  the  direct  admixture  of  &ese  elements.  If, 
however,  a  series  of  electric  spaiks  be  transmitted  through  a  gaseous  mixture  of 
hydrogen  and  nitrogen,  small  quantities  of  ammonia  are  formed ;  if  an  alkaline  base  be 
present  th£  formation  of  ammonia  by  this  treatment  proceeds  the  more  rapidly.  This 
method  of  procuring  ammonia,  though  totally  imimportant  as  a  means  of  producing  the 
gas  artificially,  possesses  great  interest  for  the  light  it  throwB  upon  the  source  of 
ammonia  naturally  existing  in  the  atmosphere,  and  which  is  so  necessary  to  the 
existeaoo  of  many  growing  vegetables. 

In  addition  to  the  generation  of  ammonia  by  electric  sparks  transmitted  through 
hydrogen  and  nitrogen,  there  are  several  eases  in  which  small  quantities  of  ammonia 
result  &om  &e  Bsoftual  reaction  of  hydrogen  and  nitrogen  whikt  yet  in  the  natemt 
state.  By  the  expression  nascent  is  meant  to  be  indicated  the  moment  at  which  any 
particular  element  or  substance  is  generated  or  developed.  Take,  for  instance,  the  case 
of  water :  if  we  bring  the  acting  terminals  of  a  voltaic  combination  into  a  vessel  con- 
taining it,  <]ie  water  is  decomposed  into  the  two  elements,  oxygen  and  hydrogen.  Whilst 
combined  and  forming  water,  the  oxygen  and  hydrogen  were  in  the  condition  of  liquidity : 
when  separated,  they  both  exist  in  the  oondition  of  gas ;  and  there  dearly  must  be  an 
instant  of  time  at  which  the  liquid  oxygen  and  hydrogen  cease  to  be  liquid,  and  assume 
the  gaseous  iorm :  this  is  said  to  be  the  nascent  period. 

Chemists  ane  aware  of  many  instances  of  combination  between  different  bodies  at 
this  nascent  period,  which  cannot  otherwise  be  made  to  unite,  or  which  unite  with  less 
facility.  Hydrogen  and  nitrogen  are  in  this  category.  When  mixed  together  in  their 
gaseous  state,  their  union  is  accomplished  with  difficulty  by  the  passage  of  suoeessive 
electiic  qiarks ;  but  if  brought  into  contact  when  both  are  nascent,  the  formation  of 
ammonia  takes  place  spontaneously.  Thus,  for  instance,  a  considerable  amount  of 
ammonia  is  generated  by  acting  upon  metaUic  zinc  with  nitric  acid,  moderatdy  diluted. 
The  explanation  is  as  follows : — No  mettd  can  be  dissolved  in  an  acid  until  the  metal  is 
oxidiKed :  hmee,  when  zinc  is  added  to  aquaf<»tis,  with  the  object  of  disserving  the 
zinc,  the  latter  must  acquire  oxygen  from  some  source  before  the  acid  can  dissolve  it. 
The  source  will  depend  upon  the  condition  of  dilution  •f  the  aquafortis :  if  very  dilute, 
the  zino  supplies  itself  with  oxygen  from  the  diluting  water — hydrogen,  of  course, 
being  liberated.  The  operation,  in  point  of  fact,  is  the  precise  counterpart  of  the 
production  of  hydrogen  by  the  action  of  dilute  sulphuric  acid  on  zinc,  and  which  has 
been  explained  at  page  289.  If  the  aquafortis  be  coneentrated,  the  zinc  is  equally 
I    oxidized  and  dissolved ;  but  the  oxygen  in  this  case  results  froih  a  portion  of  nitric  acid 
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decomposed,  binoxide  of  nitrogen  being  liberated.  It  is  possible,  liowever,  to  employ 
aquafortis  diluted  to  such  extent  that  a  portion  of  its  nitric  acid  and  a  portion  of  its 
water  shall  be  simultaneously  decomposed.  Under  these  circumstances,  binoxide  of 
nitrogen  and  hydrogen,  exercising  mutual  action  whilst  yet  in  a  nascent  state,  generate 
ammonia ;  which,  combining  with  a  poition  <^  nitric  acid  yet  undeoompoaed,  gires  rise 
to  nitrate  of  ammonia. 

We  are  apt  to  regard  these  productions  of  small  qusaititieB  of  ammonia  as  devoid  of 
any  practical  interest,  so  far  as  the  development  of  ammonia  in  large  quantities  is 
concerned ;  but  by  far  more  correct  is  it  to  ronember  that  ihe  production  of  ammonia 
by  the  combination,  of  nascent  elements  is  the  grandest  of  all  sources — ^the  only  one, 
indeed,  whidi  has  any  practical  vahae^the  only  one  which  the  manufeu^toring  chemist 
adopts  in  procuring  his  store  of  ammonia. 

This  statement  may  weU  seem  contradictory.  A  few  pages  back  I  have  described 
a  process  for  obtaining  anunonia  which  seems  to  have  no  affinity  with  the  combination 
of  nascent  elements.  It  is  an  ordinary  case  of  douUe  decomposition,  resulting  in  the 
fnmation  of  chloride  of  calcium,  and  the  expulsion  of  ammonia;  hydvochloiate  of 
ammonia  and  quicklime  being  the  original  substances,  mixed  together.  But  the 
question  is,  how  was  the  hydrochlorate  of  ammonia  originally  obtained  ?  We  shall 
find  it  to  have  been  obtained  from  a  soaree  involving  the  formation  of  ammonia.,  by 
the  combination  of  nascent  elements.  The  two  chief  sources  of  ammonia  in  commerce, 
if  not  indeed  the  only  ones,  are  from  the  destructive  distillation  of  animal  matters,  and 
from  the  destructive  distillation  of  coal. 

If  a  strip  of  feather,  parchment,  bone,  Hei^j  silk,  or  almost  any  animal  substance, 
except  fat,  be  placed  in  a  test  tube,  and  heat  applied,  ammonia  will  be  g^ierated  as 
one  of  the  results.  As  the  smell  of  these  animal  products  under  the  infiuence  of  heat  is 
exceedingly  disagreeable,  perhaps  the  specific  odour  of  ammonia  may  not  be  recog- 
nizable ;  bat  its  existoice  may  be  readily  demonstrated  by  means  of  appropriate  tests. 
A  strip  of  turmeric,  or  reddened  litmus-paper,  will  be  afEected  with  the  peeuHar  signs  of 
alkaline  presence,  and  the  discoloration,  instead  of  being  permanent,  will  be  readily 
dissipated  by  heat;  consequently  the  alkali  most  be  volatile,  and  may  be  considered 
as  ammonia.  Again,  a  rod  of  glass,  prevtausly  moistened  witii  hydrochloric  acid,  will 
afEbrd  dense  white  fumes  of  hydrocUorate  of  ammonia,  if  held  near  the  mouth  of  the 
test  tnbe  in  which  the  destmctive  distiOation  is  efiected.  Before  the  prevalence  of 
gas  illnmination,  all  Hie  ammonia  wluoh  found  its  way  into  cofflmeroe  was  produced 
from  the  condensed  liquor  of  animal  matteni  subjected  to  destntetive  distillation.  The 
liquor  in  question  was  tedmioaHy  known  as  bone  ipmt.  It  oontaana  ammoma  chiefly 
in  the  state  of  carbonate,  mixed  with  nnmeroxn  impurities.  From  tiiese  it  was 
separated  by  apppopriate  treatment,  which  belongs  rather  to  the  department  of  applied 
diemistry,  than  to  the  scope  of  the  present  treatise. 

AconMderation  of  the  process  of  making  ammoma  by  the  distillation  of  animal 
products,  throws  some  light  upon  the  origin  of  the  word  hartshorn.  If  hartshonL 
shavings  be  subjected  to  destructive  distillation,  they  will  evidentiy  yield  ammonia. 
In  this  respect  they  are  neither  better  nor  worse  than  thousands  of  other  animal  bodies ; 
but  the  horn  of  deer  acquired  a  celebrity  as  an  emmoniaoal  sonree  at  a  very  early 
period  of  chemical  history--wherefore,  it  is  not  easy  to  say.  By  far  the  most  con- 
siderable source  of  ammonia  at  present  is  a  liquor  which  condenses  in  gas  mains,  and 
which,  in  additioa  to  ammonia,  contahu  a  mnltiplicity  of  other  substances.  The 
immediate  point  for  our  consideration  is  this : — ^the  whxAe  of  the  ammonia  found  in 
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these  products  has  been  generated  by  the  contact  of  hydrogen  with  nitrogen  daring  the 
process  of  destructive  distillation. 

Bemembering  the  composition  of  ammonia,  the  result  of  union  between  hydrogen 
and  nitrogen,  it  will  be  evident  that  this  material  is  only  susceptible  of  being  yielded 
by  nitrogenous  substances.  Hence  it  is  that  animal  bodies,  owing  to  their  richness  in 
nitrogen,  yield  far  more  ammonia  than  vegetable  substances — at  one  time,  indeed,  it 
was  customary  to  speak  of  vegetable  bodies  as  being  totally  deficient  of  nitrogen.  This, 
I  need  scarcely  remark,  was  a  fsdlacy ;  but  the  implicit  beliefs  of  a  past  age  are  seldom 
devoid  of  some  foundation,  and  may  continue  to  be  accepted  as  broad  marks  of 
distinction  between  species  long  after  the  belief  in  the  universality  of  the  distinction 
has  passed  away.  As  a  general  role,  animal  bodies  contain  nitrogen,  and  vegetable 
bodies  do  not ;  yet  enormous  quieaitities  of  nitrogen  are  locked  up  in  the  vegetable 
kingdom.  Fit  coal,  indeed,  is  a  vegetable  production ;  and  from  pit  coal  do  we  now 
obtain  the  largest  quantity  of  our  ammonia.  In  the  vegetable  kingdom  certain  natural 
families  are  remarkable  for  the  large  quantities  of  ammonia  which  they  contain.  The 
natural  families  Crueifera^  Fungaeea,^  and  Solanacea^  may  be  cited  as  instances ;  and 
every  person  is  aware  of  the  disagreeable  quasi-animali zed  odour  yielded  by  the 
decomposition  of  these.  The  disagreeable  smell  of  water  in  which  cabbages  have  been 
boiled  is  proverbial ;  and  cabbages  belong  to  the  natural  order  Crttcifera,  or  JSrassieaeea, 
Again,  mushrooms  {Fungaeea)  so  nearly  approach  the  characteristics  of  animal  bodies, 
that  when  undergoing  decomposition,  even  flies  are  deceived,  and  select  them  as  foci 
for  the  deposition  of  eggs.  Any  tobacco  smoker  may  readily  convince  himself  of  the 
presence  of  ammonia  in  the  smoke  of  his  favourite  herb.  He  has  only  to  hold  a  strip 
of  test-paper  in  the  smoke,  and  the  demonstration  is  more  than  half  made.  He  may 
complete  the  demonstration  by  substituting  for  test-paper  a  glass  rod  dipped  in  hydro- 
chloric acid ;  or  still  more  affirmatively  by  passing  tobacco  smoke,  by  means  of  a 
glass  tube,  into  a  dilute  acid,  when  the  peculiar  ammoniacal  combination  of  that  acid 
will  be  formed  in  considerable  quantities. 

Connected  with  the  spontaneous  formation  of  ammonia,  there  is  a  remarkable  circum- 
stance which  has  already  been  indicated, — ^the  presence  of  nitrate  of  ammonia  in  rain- 
water. The  sources,  both  of  this  ammonia  and  its  associated  nitric  acid,  may  be  referred 
to  electric  and  atmospheric  agencies ;  though  doubtless  these  constitute  but  a  fraction  of 
the  causes  in  operation.  Notwithstanding  the  diametrically  opposed  chemical  natures 
of  ammonia  and  nitric  acid,  there  is  reason  to  believe  that  in  certain  natural  operations 
the  latter  may  be  instrumental  in  generating  the  former.  There  is  a  beautiful  experi- 
ment which  illustrates  so  remarkably  this  point,  that  I  shall  describe  it.  The  experi- 
ment is  as  follows : — First  take  a  few  shreds  of  asbestos,  saturate  them  with  solution  of 
chloride  of  platinum,  dry  them,  and  ignite  to  redness.  By  this  operation  the  chloride 
of  platinum  will  be  decomposed,  leaving  a  film  of  metallic  platinum  in  the  minute 
interstices  of  the  asbestos.  The  function  of  this  platinized  asbestos  is  similar  to  that 
of  spongy  platinum  and  platinum  black,  already  mentioned  (p.  294).  Next  prepare  an 
apparatus  of  the  following  description: — 

A  gas  jar  is  supplied  with  a  stopcock,  and  a  flexible  tube  in  connection,  by  its  other 
extremity,  with  a  glass  tube,  blown  into  a  bulb  towards  the  middle,  and  terminating  in 
a  jet  at  its  furthest  extremity.  Into  the  jar  is  transmitted  a  gaseous  mixture  of  two 
volumes  binoxide  of  nitrogen,  and  five  volumes  hydrogen :  into  the  bulb  is  placed  the 
platinized  asbestos  just  described.  As  the  pneumatic  trough  contains  water,  it  follows 
that  by  depressing  the  jar,  a  flow  of  mixed  gas  will  be  determined  along  the  tube  and  over 
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the  platmized  asbestos.  If  this  be  done  without  the  application  of  any  heat  to  the  bulb 
containing  the  platinized  asbestos,  the  terminal  jet  will  be  seen  to  liberate  copious 
ruddy  fumes  of  hyponitrous,  nitrous, 
and  perhaps  nitric  add.  They  are 
eyident  enough  by  mere  inspection; 
but  for  the  sake  of  more  complete 
demonstration,  they  may  be  caused  to 
impinge  against  a  piece  of  litmus- 
paper,  which  they  will  immediately 
colour  red,  and  thus  demonstrate  their 
acid  character.  But  if  whilst  the  cur- 
rent of  gas  is  passing  a  spirit-lamp  flame 
be  held  under  the  bulb,  decomposition 
of  the  binoxide  will  ensue,  its  nitro- 
gen uniting  with  hydrogen  to  consti- 
tute ammonia,  the  presence  of  which 

will  be  evidenced  by  reconyerting  the  reddened  litmus-paper  to  its  original  blue  colour. 
There  is  great  prolmbility  that  some  effect,  analogous  if  not  identical  with  this,  takes 
place  in  certain  operations  of  nature. 

But  the  mutual  affinities  between  hydrogen  with  oxygen,  and  nitrogen  with  oxygen, 
are  so  nicely  balanced  that  the  existence  of  ammonia,  or  of  nitric  acid,  will  be  deter- 
mined by  yery  slight  causes.  I  haye  shown  how  a  mixture  of  binoxide  of  nitrogen 
with  hydrogen  can  generate  ammonia ;  the  conyerse  experiment  may  now  be  described, 
which  is  as  follows :— If  a  mixture  of  sal-ammoniac  and  quicklime  be  placed  in  a  retort, 
the  retort  connected  with  an  iron  tube  containing  peroxide  of  manganese,  and  heated 
to  redness  by  passing  through  a  furnace,  we  shall,  on  applying  heat  to  the  retort,  and 
thereby  forcing  ammonia  through  the  peroxide,  generate  fumes  of  hyponitrous,  nitrous, 
and  nitric  acid.  The  theory  of  this  result  is  referable  to  the  evolution  of  oxygen  by  the 
binoxide  of  manganese,  and  the  combination  of  that  oxygen  with  the  nitrogen  of  the 
ammonia. 

Quantitative  Estimation  of  Ammonia. — This  maybe  roughly  effected  by  causing  it  to 
unite  with  a  base,  crystallizing  the  resulting  salt,  weighing,  and  calculating  the  amount 
of  ammonia  from  the  datum  of  the  known  composition  of  the  salt.  Far  more  correct, 
however,  is  the  method  of  throwing  it  down  in  the  state  of  chloroplatinate  of  ammonia, 
by  adding  a  solution  of  chloride  of  platinum  to  a  solution  of  ammonia  in  hydrochloric 
acid.  The  chloroplatinate  of  ammonia  thus  generated  is  a  yellow  salt,  not  very  soluble 
in  water,  but  almost  completely  insoluble  in  a  mixture  of  ether  and  alcohol.  If,  there- 
fore, a  liquid,  or  a  gas  containing  ammonia,  be  brought  into  contact  with  hydrochloric 
acid,  combination  immediately  ensues,  hydrochlorate  of  ammonia  being  the  result ; 
and  if  the  liquor  containing  it  be  evaporated  almost  to  dryness,  and  a  mixture  of  alcohol 
and  ether  added  to  the  residue,  the  chloroplatinate  of  ammonia  is  rendered  insoluble, 
and  being  collected  on  a,  tared  filter,  its  weight  may  be  estimated.  Knowing  this 
weight,  the  chemist,  by  a  simple  calculation,  is  informed  concerning  the  amount  of 
ammonia  originally  present ;  and  not  the  ammonia  merely,  but  the  nitrogen  consti- 
tuting ammonia.  Thus  it  will  be  seen  the  chloroplatinate  of  ammonia  is,  in  point  of 
fact,  a  quantitative  test  of  the  presence  of  nitrogen ;  it  is,  indeed,  generally  employed 
for  this  purpose  in  cases  of  organic  analysis,  as  wiU  appear  in  the  sequel  when  organic 
analysis  shall  be  discussed.    It  remains  now  to  state  that  every  100  parts  of  the  chloro- 
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plstinatte  coneipond  with  7-692  of  tmxaooMf  and  6*834  of  aitrogeo.  Vka  eaqSojment 
of  this,  as  wi^  as  aay  otber  re-agent  lor  tiie  purpoms  of  chemical  madjOMy  isTolyes  maaj 
precautions ;  these  I  have  not  here  mentioned,  beoaase  chemical  smdyna  ki  not  the 
object  of  the  present  work.  The  stndent  will  do  well  to  reflect  on  the  apparently  tor- 
tuous and  indirect  method  of  estimating  the  quantitiea  of  ammomibor  of  nitrogen  present 
by  means  of  the  formation  of  the  platinum  compound.  He  masj  perhiqw  think  that  it 
woxdd  be  far  more  rational  to  collect  the  ammonia  or  the  nitrogen  respectiyely,  and  have 
them  well  before  the  senses.  Not  so :  in  the  earlier  days  of  organic  chemistry,  chemists 
were  in  the  habit  of  collecting  the  nitrogen  and  estimatinipik  in  this  conditioa ;  but  the 
operation  was  so  difficult,  was  attended  by  so  many  disadno^ages^  that  so  soon  as 
Warrentrap  and  Will  diacoyered  the  indirect  proceaa  of  estbnation  jnst  descnbed,  it 
wafi  hailed  by  chemists  as  a  great  boon,  and  on  all  pcacticftble  occasioiu  adopted.  I 
shall  conclude  these  ramstfcs  by  appending  a  representation  of  the  i^fpairatiis  in  which 

^e-  absarption  of  ammoida  by  hydro- 
chl^io  aoid  is  usudly  adopted,  anterior 
to  its  precipitation  by  diloride  ei  plati* 
num.  A  glance  at  the  eonstmction  of 
the  iastniment  wiBdemnnwtTate  its  a|»pli- 
cabiHty  to  this  puii^oae.  Goosiating  of 
three  bulbed  expansions  as  it  does,  the 
gas,  during  its  transmisaion,  is  certain 
to  be  brought  well  into  contad;  with 
the  hydrodhloric  acid,  the  ehief  object 
held  in  yiew;.  and  when  the  absoip* 
tion  is  complete,  the  fluid  may  be  readily 
transferred  to  any  oonyement  vessel  in  which  to  e£Eeot  the  precipitation. 

Iiidogeiiy  AmWocwiy  Mid  JtaiaMntaBa.*—We  are  acquainted  with  neither 
of  these  bodies  in  a  sqtarate  state — their  existence  is  altogether  hypothetical^ 
there  are  good  reasons,  however,  for  assuming  the  existence  of  the  two  latteor, 
at  least. 

Aimdosf9n,^Ji  potassium  or  sodiun  be  heated  m  ammoniacal  gas,  a  solid  compound 
is  formed ;  this  compound,  howev^,  is  not  one  of  ammonia  and  potassium,  or  sodium, 
£or  during  the  combination  one^third  of  the  hydsog^  existing  in  amniDUA  escapes. 
It  must,  therefbre,  be  composed  of  K  or  N  (the  symbols  for  potassium  and  sodium), 
united  with  N&j ;  ^^  to  this  hypothetical  body  NH,,  the  designaticDQ  of  amidogen 
has  been  applied.  The  preceding  is  only  one  of  several  eases  involving  the  production 
of  amidogen,  and  the  formation  of  compovaaia  termed  amides. 

f'Ammomum, — ^Although  this  body  has  nev»  been  isolated,  the  arguments  in  £Eivoar 
of  its  edstenee  are  very  strong.  Ammonium  is  a  eompound  of  hydrogen  and  nitrog^i, 
as  we  have  seen ;  but  its  name  should  be  indieative  of  a  metalHc  ohazaeter,  if  the 
analogies  of  ordinary  nomenclature  ais  to  be  req>ected;  and,  indeed,  ammonium  acts  so 
like  a  metal  that,  notwithstanding  its  compound  character,  we  can  haidly  refose  to 
consider  it  as  such.  The  most  direct  evidence  in  favour  of  the  existence  of  ammonium 
is  that  of  the  ammonium  amalgam,  as  it  is  called.  The  easiest  mel^od  of  forming  the 
ammonium  ftmalg^^^"  is  the  following  }— Alloy  mercury,  with  one  per  cent,  of  sodium ; 
pour  the  alloy  into  «  cold  saturated  selut&on  of  Bal-«amioniac, — hydroohlorate  of 
ammonia,  as  we  have  already  called  it,,  but  which  shall  now  be  denominated  by  its 
more  modem  name,  chloride  of  ammonium.     The  alloy  thus  treated  prodigiously 
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expands,  sometimes  aa  mueh  as  two  hundred  timea  iU  (nigiaal  siae,  still  retaining  its 
solidity,  anji  acquiring  the  consistenjce  of  butter.  Meantime  its  metaUic  luatre  is  not 
in  the  kast  impidred,  and  it  augments  in  weight*  If  we  grant  that  the  mercury  has 
comhiaed  with  a  metal,  and  fu-med  an.  amalgam,  the  explanation  i»  easy ;  but 
granting  thid^  we  must  assume  the  existence  of  a  metal  aoiapofied  (^  Nlii,,  a  somewhat 
startling  assumption^  seeing  that  ever  since  the  days  of  ahihemy  metaL»  have  been  set 
down  as  simple  undecomposable  bodies. 

Whether  the  hypothetical  pompound  amm(»iuni — metal  or  no  metal-— oaa  exist 
except  in  combination,  is  unknown.  Hithertn  chemists  have  failed  to  accomplish  ito 
isolation.  Its  theoretical  existence,  howeyer,  is  fully  admitted;  and  chemists  speak 
of  chloride  of  ammonium  with  the  same  confidenee  as  when  speakijo^  of  ohlonde  of 
potassium  or  sodium. 

8UI1PH.VS. 

Atomic  weight 18 

Atomie  rolume  ^th  at 900** 

Afiomie  yoLume  !>  or  a  at 1800^ 

Speeiftc  grayity  of  solid 1*98 

£».  ofyap(mr(at90Q'^ 6634 

Do.  (atiSOfiP) ,        .        .     2214 

General  Notice. — The  natural  history  of  the  element  under  consideration  differs 
from  the  natural  history  of  those  already  mentioned  in  one  important  particular.  It 
is  found  in  nature  uncombined,  or  native ;  large  depositions  of  sulphur,  almost  pure, 
occurring  in  Sicily  and  other  yolcanic  regions.  A  far  larger  proportion,  howeyer, 
occurs  in  combination  with  metals, — constituting  sulphurets,  aa  these  oompounda  are 
denominated,  or  perhaps  more  generally,  in  the  language  of  modem  chemistry, 
atilphides.  And  now,  haying  introduced  the  reader  to  a  new  denomination  of  chemical 
nomenclature,  we  must  pause  for  the  object  of  explaining  it,  seeing  that  our  pre- 
liminary consideration  of  chemical  names  was  but  slight,  and  that  the  explanation  of 
each  new  name  was  promised  to  be  made  as  the  necessity  for  learning  it  should  occur. 
The  terms  sulphuret  and  sulphide,  then,  are  synonymous :  they  indicate  a  direct  com- 
bination of  sulphur  with  a  second  body ;  thus,  a  combination  of  sulphur  and  lead 
forms  the  sulphuret  or  sulphide  of  lead :  of  iron,  the  sulphuret  or  sulphide  of  iron,  and 
so  forth.  Frequently  it  is  desirable  that  the  name  should  indicate  the  exact  relation 
subsisting  between  the  sulphur  and  second  body,  in  any  giyen  sulphuret  \  this  is  done 
by  enlisting  into  our  service  the  prefixes,  protOf  sesgui^  bi,  per^  &c.,  giying  rise  to 
the  terms  protosulphuret,  sesquisulphturet,  and  bisulphuxet.  If  the  term  sulphtit^f  occur, 
the  student  should  be  careful  in  discriminating  between  it  and  the  term  sulphtif^.  The 
former  indicates  a  binary  compound  of  sulphur  with  a  second  body ;  whereas  the  latter 
designates  the  salt  resulting  from  the  combination  of  sulphurotM  acid  with  a  base. 

To  resume  our  sketch  of  the  natural  history  of  sulphur,  not  only  does  it  exist 
natiye,  and  as  a  constituent  of  numerous  minerals,  but  it  enters  into  the  compo- 
sition of  many  yegetables,  and  perhaps  all  animal  tissues  and  animal  fluids.  The 
onion  or  lily  tribe  is  remarkable  for  the  amount  of  sulphur  which  its  memhera  contain ; 
so  is  the  natural  order  JBrassicacea.  Most  persona  wiU  haye  remarked  how  speedily 
a  sHyer  qioon  blackens  if  immersed  in  the  mustard-pot :  this  blackness  is  indica- 
tive of  the  presence  of  sulphur.  With  still  greater  rapidity  does  a  sUyer  spoon 
blacken  if  plunged  into  a  boiled  egg,  preying  the  existence  of  sulphur  there.    Silyer 
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and  its  compounds,  indeed,  are  good  tests  of  the  presence  of  sulphur ;  but  lead  and  its 
combinations  are  still  better.  A  solution  of  oxide  of  lead  in  caustic  potash  and  water 
(liquor  potasses  of  pharmacists)  is  the  most  delicate  test  we  possess  for  the  indication 
of  sulphur  in  organic  bodies.  If  a  bit  of  feather,  or  wool,  or  silk,  or  indeed  almost  any- 
animal  body,  howeyer  old  and  worn,  be  brought  into  contact  with  some  of  this  potash- 
lead  solution  in  a  small  test-tube,  and  heat  applied,  a  dense  blackness  almost  imme- 
diately occurring  at  once  indicates  the  presence  of  sulphur. 

The  condition  of  sulphur  as  regards  aggregation  differs  from  either  of  the  non- 
metallic  elements  already  discussed.  Under  ordinary  circumstances  of  temperature 
and  pressure  it  is  a  solid,  but  it  readily  fuses  into  a  liquid ;  and  if  the  heat  be  still 
farther  increased,  the  liquid  expands  into  a  vapour  or  gas — ^for  in  the  strict  logic  of 
chemical  science  there  is  no  specific  difference  between  a  vapour  and  a  gas.  In  addition 
to  the  three  physical  conditions  as  above,  this  element  is  subject  to  a  remarkable 
allotropic  condition,  to  be  described  hereafter. 

Sulphur  frequently  occurs  in  the  condition  of  an  amorphoxus  mass,  but  it  may  be 
readily  crystallized ;  and,  according  to  the  treatment  fallowed,  the  resulting  crystals 
may  belong  to  one  of  two  different  crystalline  systems.  The  prevalent  form  of  sulphur, 
made  to  crystallize  by  fusion  and  slow  cooling,  is  an  oblique  prism,  with  rhombic  base 
— a  form  characterizing  the  oblique  prismatic  system ;  but  if  sulphur  be  dissolved  in 
liquid  sulphuret  of  carbon,  and  the  solution  cautiously  evaporated,  regular  octohedral 
crystals  are  produced  with  rhombic  bases,  these  being  characteristic  of  the  right  square 
prismatic  system. 

AUotroptc  condition  of  Sulphur. — ^When  describing  oxygen  at  page  286, 1  mentioned 
the  circumstance  of  its  assuming  a  second  condition,  to  which  the  term  ozone  had  been 
(ipplied.  Sulphur  is  similarly  circumstanced:  'it  is  prone  to  assume  a  second  or 
allotropic  condition.  If  common  yellow  sulphur  be  heated  in  a  Florence  flask  it 
speedily  melts,  becoming  converted  into  a  transparent  straw-coloured  liquid.  Still 
increasing  the  heat,  a  curious  phenomenon  is  observable :  the  transparent,  liquid,  almost 
colourless  fluid,  thickens  to  the  consistency  of  treacle,  the  dark  colour  of  which  it  also 
assumes ;  it  then  solidifies  so  completely  that  the  flask  may  be  inverted  without  spiUing 
its  contents.  Still  increasing  the  temperature,  the  darkened  sulphur  fuses  once  more ; 
but  the  fused  result  does  not  lose  its  dark  colour.  The  physical  distinction  between 
ordinary  yeUow  sxdphur  and  the  same  element  in  its  second  or  allotropic  state  is  best 
recognized  by  pouring  some  in  each  condition  of  fusion  into  cold  water.  The  colourless 
fluid  yields  ordinary  yellow  sulphur,  but  the  coloured  treacly  mass  chills  into  a  material 
possessing  very  much  the  aspect  of  india-rubber :  it  is  allotropic  sulphur.  The  tenacious 
mass  thus  resulting  is  an  excellent  material  for  taking  impressions  from  coins  or  other 
raised  surfaces,  and  had  long  been  used  for  that  purpose  before  the  doctrine  of  allotropism 
had  been  studied.  This  doctrine  is  altogether  recent ;  and  the  phenomena  which  it 
investigates  are  recognizable  in  various  substances,  both  simple  and  compound.  As  to 
the  rationale  of  these  second  conditions  of  existence,  nothing  satisfactory  is  known ; 
and  in  certain  cases  theory  even  is  unable  to  assume  a  plausible  explanation.  Had  the 
chemist  merely  to  deal  with  allotropic  conditions  of  compound  bodies,  theory  would 
come  to  his  aid :  he  might  assume  the  existence  of  a  fresh  arrangement  of  particles ; 
but  in  cases  where  only  one  kind  of  particles  is  involved,  as  in  the  instances  of  sulphur 
and  of  phosphorus,  there  is  clearly  no  scope  for  assumptions  of  this  kind.  Not  only  is 
the  physical  appearance  of  allotropic  sulphur  different  &om  those  of  the  ordinary 
material,  but  its  chemical  relations  are  in  some  degree  also  different.    For  example  : 
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its  fusing  point  is  different,  as  we  have  seen ;  and  it  ceases  to  be  soluble  in  bisulphuret 
of  carbon,  whereas  ordinary  sulphur  is  very  soluble  in  that  liquid. 

Fused  sulphur  is  vapourized  at  temperatures  of  about  550°  or  600°  Fah.,  and  may 
then  be  readily  distilled.    This  treatment  is  adopted  in  order  to  obtain  the  material  pure, 
on  the  large  scale.    The  native  sulphur  of  Sicily,  and  other  volcanic  regions,  is  largely 
contaminated  with  non-volatile  earthy  bodies,  and  a  large  amount  of  volatile  impurities. 
The  first  rough  process  of  purification  consists  in  exposing  the  sulphureous  materials  to  a 
temperature  above  the  fusing  point  of  sulphur.    The  latter  melts  and  collects  on  the 
surface  of  the  mass,  whilst  the  earthy  bodies  sink  below.     The  fused  sulphur,  brought 
to  this  condition,  is  poured  off  and  allowed  to  consolidate.    It  is  still  far  jfrom  pure,  and 
is  known  in  commerce  \mder  the  name  of  sulphur  vivum.   The  next  stage  in  the  purify- 
ing operation  is  a  rough  dis- 
tillatory process,  conducted  by 
means  of  earthenware  pots  ar- 
ranged in  pairs— one  serving 
as  retort  or  distillatory  ves- 
sel, the  other  as  receiver.   The 
retort  pot  is  completely  enve- 
loped by  an  oven,  with  the  ex- 
ception of  the  neck  or  beak, 
which    passes    through,    and 

communicates  with  the  receiving-pot  outside.  In  this  vessel  a  considerable  amount  of 
sulphur  is  condensed ;  but  a  still  larger  portion  is  conveyed  into  a  vessel  full  of  cold 
water.    The  accompanying  diagram  illustrates  this  arrangement. 

Sulphur  thus  resulting  is  still  very  impure,  containing  from  10  to  15  per  cent,  of 
impurities.  .To  effect  separation  of  the  latter,  a  second,  and  more  perfect,  distillatory 
process  is  required.  The  apparatus  employed  for  this  purpose  is  a  large  retort  of  brick- 
work, the  beak  of  which  is  very  capacious,  and  terminates  in  a  vaulted  brick  chamber. 
By  means  of  this  apparatus,  the  purified  sulphur  may  be  obtained  in  masses  or  in 
powder,  at  the  operator's  will.  Powdered  sulphur  is  known  in  commerce  as  flowers  of 
sulphur ;  and  the  solid  mass,  after  having  been  fused  and  cast  into  cylindrical  moulds, 
constitutes  the  stick  sulphur  or  brimstone.  Flowers  of  sulphur  is  not  usually  so  pure 
a  material  as  solid  stick  brimstone,  the  former  being  usually  contaminated  with  sul- 
phurous acid,  which  can  only  be  separated  by  washing.  Sulphur  is  an  important  element 
of  several  manufacturing  processes,  amongst  which  those  of  gunpowder  and  oil  of 
vitriol  merit  especial  notice. 

Combinations  of  Stdphur  with  Oxygen. — A  list  of  these  compounds  has  already  been 
given  at  page  285,  but  it  will  be  proper  to  repeat  it  in  this  place. 

1.  Hyposulphurous  acid     . 

2.  Trisulphuretted  hyposulphuric  acid  {Pentathionie  acid) 

3.  Bisulphuretted  hyposulphuric  acid  {Tetrathionic  acid) 

4.  Sulphuretted  hyposulphuric  acid  ( Trithionie  acid) 

5.  Sulphurous  acid 

6.  Hyposulphuric  acid  {Bithionic  acid) 

7.  Sulphuric  acid  ..... 
It  is  not  desirable  to  treat  of  these  combinations  in  the  tabular  order  of  their  occur- 
rence.   Sulphurous  acid  is  the  starting  point  of  all  the  combinations  of  sulphur  with 
oxygen.    To  sulphurous  acid,  therefore,  our  first  remarks  shall  be  directed. 
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Atomic  weigltt  ......        32. 


AtomiQ  or  combiniiig  yolome  . 


Specific  gravity  .  .  .  .  ^  .    2247. 

Generckl  remark, — ^It  is  not  easy  to  say  to  whom  the  first  chemical  appreciation  of 
sulphurous  acid  is  referable ;  the  antiquity  of  its  manufacture,  howerer,  must  be  almost 
coeyal  -with  the  first  knowledge  of  sulphur,  inasmuch  as  this  body  when  burned  in 
atmospheric  air  generates  sulphurous  acid. 

I^eparation. — (1).  By  the  combustion  of  sulphur  in  atmospherio  air. — ^The  most 
ready  means  of  generating  sulphurous  acid  has  just  been  indicated-^namely,  the  c<nn> 
bustion  of  sulphur  in  atmospheric  air,  with  the  oxygen  of  which  it  combines.  CSeariy, 
however,  sulphurous  acid  cannot  be  obtained  pure  by  this  process ;  the  nitrogen  and 
carbonic  acid  of  the  atmosphere  must  occur  in  admixture  with  it.  Practically,  how- 
ever, the  presence  of  nitrogen  and  carbonic  acid  are  of  no  importance  m  several 
operations,  involving  the  employment  of  aiilphurous  acid.  A  very  important  case  of 
this  kind  wiU  be  mentioned  in  the  aeq,H«l. 

(2).  By  the  comhnation  of  sulphur  in  oxygen  g«8.--This  operation  yields  sul^urons 
aeid  in  the  condition  of  purity.  It  is  never  adopted,  however,  in  practice,  bein^  a  far 
less  convenient  method  than  others  presently  to  be  described. 

(3).  By  heating  oil  of  vitriol,  hydrated  sulphuric  acid,  in  contact  with  some  deoxi- 
dizing body. — Charcoal  answers  very  well  for  this  purpose,  provided  the  simuHaneons 
presence  of  carbonic  acid,  which  is  also  generated,  be  of  no  consequence.  The  opera- 
tion may  be  conducted  in  a  Florence  flask,  to  which  a  perforated  cork  and  bent  tube 
have  been  attached.  The  source  of  heat  may  be  a  spirit-lamp  flame,  and  the  resulting 
gas  should  be  washed  by  transmission  through  a  bottle  containing  a  little  water.  The 
charcoal  employed  should  neither  be  in  mass  nor  finely  pulverulent.  If  the  former, 
the  action  is  sluggish ;  if  the  latter,  it  is  too  violent.  The  charcoal  should  be  broken 
by  hammering,  and  all  the  powder,  as  well  as  large  pieces,  rejected.  The  amoimt  of 
oil  of  vitriol  should  be  a  little  more  than  the  quantity  required  for  completely  wetting 
the  charcoal.   The  decomposition  which  ensues  is  illustrated  by  the  following  diagram : 

(  4  Oxygen  "y^  2  Sulphurous  acid 

2  Sulphuric  acid  •<  2  Oxygens 
(  2  Sulphur . 

1  Charcoal  (carbon) \  1  Carbonic  acid 

From  which  it  appears  that  two  equivalents  of  sulphuric  acid  re-act  on  oa»  of  charcoal, 
yielding  two  equivalents  of  sulphurous  acid,  and  one  equivalent  of  carbonio  aeid. 

If  circumstances  require  that  the  sulphurous  acid  be  liberated  unmixed  with  all 
other  bodies,  we  must  substitute  one  of  several'  metals  capable  of  decomposing  sul- 
phuric acid.    Copper  may  be  employed  for  this  purpose),  but  mereury  is  itiU  better. 
The  annexed  diagram  illustrates  the  nature  of  the  deeongBoiitioii. 
r  4 Oxygen  ^^2  Sulphuric  aoid 

2  Sulphvric  acid  -<  2  Oxygens 
(  Sulphu 

I  Mercury , N  1  Peroxide  of  mercury  \  p^^^^,^  ^ 

2  Sulphurousmoid.  I      mflrcuxy 
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(4).  Bj  heating  in  a  retort  or  flaak  a  mixture  of  six  parts  peroxide  (binoxide  or 
black  oxide)  of  manganese,  with  c«ie  part  of  powdered  sulphur.— The  resulting  sul- 
phniottt  acid  requires  to  be  washed  by  transmission  through  a  bottle  containing  a  little 
water,  in  order  to  sepasrate  a  portion  of  yolatilized  sulphur  which  passes  oyer. 

The  student  will  readily  anticipate  the  nature  of  this  decomposition.  Already  (page 
282)  we  haye  seen  that  peroxide  of  manganese  yields  oxygen  when  heated ;  it  is  accor- 
dant with  our  preconceptions^  therefore,  that  sulphur,  greedy  as  it  is  of  oxygen,  should 
absorb  a  portion  whilst  yet  in  a  nascent  state,  and  become  eonyerted  into  sulphurous 
acid ;  such,  indeed,  is  the  decomposition  which  really  takes  place. 

General  Properties, — Sulphurous  acid  usually  assumes  the  condition  of  a  gas.  In 
this  state  we  haye  already  assumed  it  to  be  procured ;  but  it  is  readily  condensed  into 
a  fluid,  and  by  the  operation  of  extreme  cold  and  pressure  it  may  be  solidified.  It 
maybe  condensed  into  a  fluid  by  the  operation  of  cold  alone ;  a  temperature  of  14°  Fall. 
sufficing  for  this  purpose.  Under  a  pressure  of  two  atmospheres  sulphurous  acid  may 
be  liquified  at  a  temperature  of  5?*  Fah.  Liquid  sulphurous  acid  is  a  colourless,  ycry 
mobile  fluid,  haying  a  specific  grsyity  of  1*42.  It  eyai>orates  with  great  rapidity, 
producing  extreme  cold,  as  low  as  43*,  or  46%  according  to  the  temperature  of  the 
surrounding  air.  Sulphurous  acid  gas  is  colourless,  pungent,  neither  combustible  nor 
a  suppo^rter  of  combustion  in  the  common  acceptation  of  these  terms — it  is  solublp  in 
water,  to  which  it  imparts  its  peculiar  taste  and  smeU — it  combines  with  bases,  forming 
the  class  of  salts  termed  sulphtl^*,  which  eflenresce  when  acted  upon  by  a  stronger 
acid,  sulphurous  acid  being  liberated.  It  combines  with  seyeral  colouring  matters, 
with  which  it  forms  colourless  compounds ;  it  is,  therefore,  a  bleaching  agent,  and  is 
applied,  with  this  object  in  yiew,  in  many  branches  of  manufacture — for  example, 
ladies'  straw  bonnets  are  whitened  by  enyeloping  them  in  an  atmosphere  of  sulphurous 
acid,  and  sponges  are  bleached  by  keeping  them  some  time  immersed  in  an  aqueous 
solution  of  this  acid.  A  ycry  elegant  experiment  Olustratiye  of  the  ble;|iching  effect  of 
sulphurous  acid,  consists  in  moistening  a  red  rose,  and  holding  an  ignited  brimstone 
match  underneath  the  red  petals— they  are  almost  immediately  turned  white  by  this 
treatment.  But  the  whiteness  is  not  permanent :  the  original  colour  wiU  reappear  on 
dij^ing  the  rose  into  a  solution  of  almost  any  stronger  acid ;  for  this  purpose  dilute 
sulphuric  acid  answers  yery  well. 

If  sulphurous  acid  be  brought  into  contact  with  acetate  of  lead  in  solution,  a 
copious  deposition  of  white  sulphite  of  oxide  of  lead  (commonly  termed  sulphite  of 
lead)  takes  place,  until  all  the  lead  is  separated,  and  acetic  acid,  holding  sulphurous 
add  in  solution,  remains.  From  a  solution  of  this  kind,  howeyer,  all  the  sulphurous 
acid  may  be  dispelled  by  allowing  it  to  stand  exposed  to  the  air  in  a  shallow  pan  for 
some  days.  Sulphurous  acid,  in  point  of  fact,  is  perhaps  the  most  complete  separator 
of  lead  from  the  acetate  of  that  metal  with  which  chemists  are  acquainted,  as  I  pointed 
out  some  years  since— far  more  complete  than  sulphuric  acid ;  and  if  not  moi'e  complete 
than  hydrosulphuric  acid,  haying  unquestionably  a  peculiar  sphere  of  applicability.  For 
example,  sulphurous  acid  may  be  employed  to  throw  down  lead  out  of  a  sugar  solution 
without  injuring  the  sugar,  although  sulphuric  and  hydrosulphuric  acid  would  destroy 
it  complet^y.  Taking  advantage  of  this  fact,  I  deyised  a  scheme  of  sugar  manufac- 
ture in  the  year  1847,  which  has  since  been  extenaiyely  applied. 

If  an  aqueous  solution  of  sulphurous  acid  be  kept  for  a  considerable  period,  and 
more  especially  if  retained  in  a  warm  situation,  small  quantities  of  sulphuric  acid  will 
be  generated.    This  is  an  important  fact — ^it  is  referable  to  the  tendency  possessed  by 
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sulphurous  acid  to  combine  with  oxygen.  This  tendency,  in  point  of  fact,  is  the 
strongest  characteristic  associated  with  sulphurous  acid  in  the  chemical  mind,  and 
determines  some  of  its  most  interesting  effects.  A  treatise  on  chemistry  is  necessarily 
filled  with  numerous  matters  possessing  yarious  degrees  of  ]*elatiye  importance.  Some 
are  the  very  keys  of  the  science,  by  the  application  of  which  its  stores  of  knowledge 
are  unlocked ;  others  are  of  less  importance,  and  need  not  occupy  the  mind  of  a  general 
student.  The  successful  study  of  chemistry  will  greatly  depend  on  a  just  discrimina- 
tion between  facts  of  major  and  of  minor  importance.  The  student  should  be  taught 
to  seize  the  broad  characteristics — the  physiognomy  (if  the  expression  be  allowable)  of 
the  objects  brought  under  his  notice.  Of  this  kind  is  the  fact  that  sulphurous  acid 
possesses  a  strong  tendency  to  imite  with  oxygen,  and  is  frequently  employed  as  a 
deoxidizing  agent  by  the  chemist. 

Although  sulphurous  acid  by  prolonged  contact  with  water  can  generate  sulphuric 
acid,  the  operation  is  far  too  slow  to  admit  of  any  large  practical  application ;  but  if 
we  proceed  in  the  line  of  experiment,  which  the  sdution  of  sulphurous  acid  in 
water  suggests  to  us,  we  shall  soon  arriye  at  the  commercial  process  of  manufacturing 
oil  of  yitriol.  If  sulphurous  acid  be  able  to  remoye  oxygen  from  water,  theory 
suggests  that  it  should  be  able  to  remoye  it  still  more  easily  from  bodies  still  more  rich 
in  oxygen.  Nitric  acid,  or,  more  properly  speaking,  aquafortis  (hydrate  of  nitric  acid) 
is  of  this  kind.  Nitric  acid  contains,  as  we  haye  already  seen,  fiye  atoms  of  oxygen 
(page  314) ;  and  here  it  may  be  desirable  to  mention,  that  nitric  acid,  in  relation  to 
oxygen,  is  the  yery  reyerse  of  sulphurous  acid,  the  latter  ^eing  a  powerful  deoxidizing 
agent,  the  former  eyer  ready  to  giye  up  a  portion  of  its  oxygen. 

If,  therefore,  a  current  of  sulphurous  acid  be  transmitted  through  hot  nitric  acid, 
decomposition  of  the  latter  ensues ;  fumes  of  hyponitrous  and  nitrous  acid  are  eyolyed, 
thus  proying  that  the  nitric  acid  is  suffering  decomposition.  If  hyponitrous  and  nitroua 
acid  fumes  are  eyolyed,  it  follows  that  a  portion  of  oxygen  must  haye  been  remoyed  ; 
and,  after  the  remarks  just  made  concerning  the  ayidity  for  oxygen  manifested  by 
sulphurous  acid,  it  will  readily  be  inferred  that  the  missing  oxygen  must  haye  been 
laid  hold  by  sulphurous  acid,  and  sulphui'ic  acid  generated.  So  strong  is  the  tendency 
of  nitric  acid  to  giye  off  oxygen  when  brought  into  contact  with  a  body  haying  a 
strong  affinity  for  that  element,  that  pure  sulphur  can  be  conyerted  into  sulphuric  acid 
by  prolonged  boiling  in  .nitric  acid.  Chemical  analysts,  indeed,  employ  this  yery 
process  for  the  purpose  of  estimating  the  amount  of  sulphur  contained  in  certain 
bodies.  Instead  of  getting  out  the  sulphur  bodily  under  its  own  proper  aspect,  they 
oxidize  it  by  nieans  of  nitric  acid,  convert  it  into  sulphuric  acid,  and  from  the  amount 
of  sulphuric  acid  generated  calculate  the  original  amount  of 
sulphur. 

Determination  oftlte  Composition  of  Sulphurous  Acid. — This 
may  be  readily  accomplished  by  a  synthetical  operation,  as 
follows : — Fill  the  globular  portion  of  a  glass  flask  with, 
oxygen  gas,  and  dip  the  neck  of  the  flask  in  mercury,  taking 
care  that  a  portion  of  mercury  rise  up  into  the  neck.  Now, 
haying  attached  a  small  piece  of  sulphur  to  the  end  of  a 
wire,  plunge  the  sulphur  up  through  the  mercury  into  the 
body  of  the  glass  flask.  By  means  of  a  burning  lens,  the 
sulphur  is  now  to  be  ignited.  It  will  continue  to  bum,  com- 
bining with  oxygen  and  yielding  sulphurous  acid,  as  we  haye  already  seen  (page  284)  ; 
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but  the  volume  of  the  original  gas  will  not  have  been  altered,  from  which  circiunstance 
we  infer  that  sulphurous  acid  gas  must  contain  its  own  volume  of  oxygen,  united  with 
sulphur.  How  much  sulphur  ?  is  the  next  question  to  be  determined.  "We  can  arrive 
at  this  solution  in  the  following  manner  :— 

Density  or  specific  gravity  of  sulphurous  acid  gas,  repre-  )  0.247 

sented  by  the  weight  of  one  volume ) 

Do.  of  oxygen  represented  by  one  volume 1*106 

One-sixth  (nearly)  of  the  density  or  specific  gravity  of  the  ^ 

vapour  of  sulphur,  thus  corresponding  with  one  atom  >  1-141 
(see  page  335) ) 

Sulphurous  acid  is  therefore,  according  to  this  synthetical  demonstration,  a  com- 
pound of  one-sixth  volume  of  sulphur  (one  atom),  in  combination  with  one  volume,  or 
two  atoms,  of  oxygen,  and  is,  consequently,  thus  indicated  by  chemical  symbols, — 

SOj. 

SULPHURIC  ACID. 

Atomic  weight 40 

General  Fropertiea, — Sulphuric  acid  in  its  uncombined  condition  is  a  very  rare 
substance,  having  somewhat  the  appearance  of  snow.  It  can  only  exist  whilst  sealed 
in  vessels  from  which  all  moisture,  atmospheric  or  othemrise,  is  excluded;  for  its 
tendency  to  unite  with  water  is  great.  It  combines  with  water  in  several  proportions, 
two  of  which  are  well  known— namely,  the  acid  of  Nordhausen  (so  called  from  tho 
place  of  its  manufacture),  composed  of  two  equivalents  of  real  sulphurio  acid  with  one 
of  water,  and  the  monohydrate  of  sulphuric  acid  of  commerce.  The  latter  is  the 
strongest  oil  of  vitriol  of  English  commerce,  and,  as  its  name  indicates,  is  a  compound 
of  one  equivalent  of  real  sulphuric  acid  combined  with  one  equivalent  of  water. 

Preparation. — ^Tho  most  direct  method  of  preparing  anhydrous  sulphuric  acid 
consists  in  passing  a  mixture  of  sulphurous  acid  and  oxygen  over  spongy  platinum 
contained  in  a  tube  heated  to  redness ;  but  the  operation  is  only  interesting  in  a  theo- 
retical point  of  view.  It  may  be  prepared  in  greater  quantities  by  distilling  fused 
bisulphate  of  soda ;  but  the  most  ready  means  of  obtaining  it  in  a  considerable  quan- 
tity is  by  distilling  the  sulphuric  acid  of  Nordhausen.  I  have  already  indicated  the 
composition  of  the  latter,  as  a  compound  of  two  of  real  acid  plus  one  of  water. 
Perhaps,  however,  it  is  more  philosophical  to  regard  it  as  a  solution  of  real  sulphuric 
acid  in  the  monohydrate  of  the  same,  for  a  great  difference  exists  as  to  the  readiness 
with  which  its  two  parts  of  real  acid  are  evolved.  If  the  Nordhausen  acid  be  exposed 
to  distillation,  an  equivalent  of  its  real  acid  is  given  off  with  facility,  and  may  be 
collected  in  a  proper  recipient ;  but  tho  second  Equivalent  retains  its  amount  of  water 
with  such  obstinacy  that  both  may  be  distilled  over  imchanged  if  the  temperature 
be  sufficiently  elevated. 

NordhaueMy  or  fuming  Saxon  Sulphuric  Add. — The  nature  and  composition  of  this 
substance  ^ving  been  indicated,  it  now  remains  to  describe  its  mode  of  preparation, 
which  is  as  follows : — Protosulphate  of  iron  (green  vitriol  or  copperas),  a  salt  composed 
of  one  atom  of  sulphuric  acid,  one  of  protoidde  of  iron,  and  seven  of  water, — conse- 
quently, of  which  the  formula  is  Fe  0.  SO3  -|-  7H0 — is  exposed  to  the  action  of  heat 
in  open  vessels,  by  which  means  six  equivalents,  or  atoms,  are  liberated ;  but  the 
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seyenth,  maintaimng  its  union  with  greater  obstinacy,  remains.  By  still  increasing 
the  degree  of  heat,  a  portion  of  sulphuric  acid  is  decomposed,  yielding  oxygen  to  the 
protoxide  of  iron,  which  it  conyerts  into  sesquioxide,  Fe^O,,  and  which,  in  its  turn, 
unites  vrith  the  remaining  sulphuric  acid.  Still  increasing  the  heat,  the  sulphate  of 
sesquioxide  of  iron  is  decomposed,  its  sulphuric  acid  being  eyolved  in  combination 
with  water,  and  peroxide  of  iron  remaining.  Such  is  the  preparation  of  the  Nord- 
hausen  sulphuric  acid ;  it  is  a  compound  far  inferior  both  in  utility  and  interest  to  the 
monohydrate  of  sulphuric  acid,  presently  to  be  described. 

Monohydrat$  of  Sulphuric  Acid  {Oil  of  Vitriol), — The  most  adyantageous  point  from 
which  to  commence  our  study  of  oil  of  vitriol,  as  commercially  produced,  will  be  that 
portion  of  our  remarks  which  relate  to  binoxide  of  nitrogen,  and  the  higher  oxygen 
compounds  which  it  is  capable  of  forming,  up  to  the  maximum,  which  is  nitric  acid. 
It  will  be  remembered  (p.  323)  that  binoxide  of  nitrogen  is  itself  a  cohmrleas  gas, 
which  immediately  giyes  rise  to  ruddy  fumes  when  allowed  to  come  into  contact  with 
atmospheric  air,  or  any  gas  containing  oxygen.  It  will  be  remembered,  moreover, 
that  these  ruddy  fumes  are  a  mixture  of  the  higher  oxygen  compoimds  of  nitrogen  with 
each  other ;  are  a  mixture,  therefore,  of  hyponitrous,  nitrous,  hyponitric,  and  nitric 
acids.  Now  we  have  seen  (p.  340)  that  sulphurous  acid  can  decompose  nitric  with  the 
generation  of  sulphuiic  acid  ;  but  the  circumstance  still  remains  to  be  indicated,  that 
nitric  acid  is  not  peculiar  in  this  respect.  Nitrous  acid  can  be  decomposed  by  sul- 
phurous acid— so  can  hyponitrous  acid,  and  even,  under  some  conditions,  binoxide  and 
protoxide  of  nitrogen.  This  point  being  well  remembered,  the  process  of  the  oil  of 
vitriol  manufacture  will  be  readily  apprehended.    I  will  now  proceed  to  illustrate  the 

changes   which    ensue,    by 
means  of  a  simple  experi- 
ment:—A  is  a  glass   flask 
slightly  moistMied  with  wa- 
ter, and  furnish^  with  a  cork 
haying  four  perforations,  two 
of  which  are  in  tubular  com- 
munication with  flasks,  and 
two  open  freely  into  the  air ; 
the  lifter  are  for  the  object 
^  of  preventing  the  rupture  of 
the  large  flask  by  the  sudden 
pressure  of  gas  within.    The 
flask  C  contains  a  mixture  of 
copper    and    diluted    nitric 
acid,    and    of    course    will 
liberate  binoxide  of  nitrogen.      The  flask  £  contains  mercury  and  oil  of  vitriol, 
and  consequently,  when  heat  is  applied,  will  liberate  sulphurous  acid.     If,  then, 
by  means  of  this  arrangement  sulphurous  acid  and  binoxide  of  nitrogen  be  brought 
into  contact  with    aqueous  vapour   in    the   large    flask,   certain    phenomena  will 
be  observed  illustrative  of  the  manufacture  of  oil  of  vitriol.     The  first  phenome- 
non to  be  observed  is  the  conversion  of  binoxide  of  nitrogen  into  ruddy  fiimes  of 
hyponitrous  and  nitrous  acids ;  the  second  is  the  generation  of  small  acicular  crystals ; 
the  third,  the  total  disappearance  of  these  crystals  if  the  cork  be  removed  and  water 
poured  in ;  the  fourth,  the  existence  of  oil  of  vitriol  in  the  resulting  solution ;  the  fifth, 
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ih0  iibdration  of  iMnozlde  of  nitrogen  dvnng  ibis  m^ai  .tdttttciB.    Binozideiif  akbeo^gm. 
mkj  «Baly  ibe  reoegniced  hy  tira  gonemticm  of  nddy  f lUBfCS. 

SufpoBiag  tfaAlK  various  itagofl  to  hxw  been|;Mie  t]u*oiigh,  itn  imdcnt  thai  ftftv 
lumag  gefiottted  «  certain  amount  of  dilute  oil  of  vitiic^  we  shail  bare  ataiTedat  the 
point  fnxm  which  we  started,  that  is  to  say,  we  shall  have  reproduced  a  mixture  of 
hyponitrous,  nitrous,  and  sulphurous  acids  in  the  large  globe.  Precisely  this  scheme  of 
decom^^tion  is  effected  in  the  manufacture  of  oil  of  vitriol,  with  the  sole  exception 
that  iit  crystalline  body  generated  in  our  fiz^eiiment — ^and  being  a  compound  of 
nitsms  and  solpkurotts  acidB-^  ftvoided  by  the  msau&ctarer ;  ito  existence  shows  the 
di^CMncy  of  a^usous  rajpoar,  and  he  haatetis  to  ««ipply  more.  Wo  are  now  in  a 
positkn  to  undentand  llie  natore  of  the  oil  of  vltdd  manuf aoturs* 

Tha  sp^araUa  ifor  condiieti&g  tixis  sia«u£M3tiini,  titough  vanouid^  laodiied,  ttm^  he 
diyiM  into  tiro  pordons ;  the  ftat  ooudstiag  of  a  9&nx»  of  kadeA  «^mVen  oo^• 
responding  in  formation  to  our  large  glass  ]^o^  ond  serving  to  retain  niMiidnxre  of 
SulphiiM«s«Qid  and  the  oxygenated  nitr«Ds  ^x)dacts  ;  liie  second  of  «n  Wapor&ting 
and  «  £«tillHtta3r  •^^antns  &r  depriving  the  acid  of  aaudi  ws(feeE|  willi  wliich  it  as 
oMttbiMi ;  iar  we  liavd  already  seen,  in  x>xoc  mintature  experiment,  that  the  sulphuric 
acid  lesttfa^ng  oocuxs  in  combination  with  unidi  water.  The  original  plan  of  masMt- 
fiioturing  o^  of  vitriol  consisted  in  bnming  a  mixture  of  nitrate  of  potash  and  salphnr 
in  ft  dose  fsmace)  and  conveyicg^  the  r^ults  of  combustion  into  a  series  of  kaien 
ohambo^  covered  a  few  inches  deep  witiii  water.  Those  results  axe  «  loixture  «if 
st^hfd:ion8  add  with  binoxtde  of  nitrogen^  the  latter  changing  to  hypomt»>«  and 
mtrons  adds  knmediately  it  comes  in  contact  with  the  atmospheric  air  eontuned  iaa. 
the  leaden  chamber,  and  hyponitrous  and  nitoius  acid  teaoting  upon  the  sttlphurdtts 
addttid  waitety  vapoor,  causing  tiie  layer  of  water  on  ike  flow  ef  the  leaden  ohan^ber 
to  he  impregnated  with  dilute  sulphuric  acid,  as  wa  have  already  seen.  It  remained 
to  convert  4lM  dilute  sulphuric  add  thus  generated  into  concentrated  qU  of  vitriol, 
wlubh  was  aooom^^i^d  by  driving  off  the  axeess  of  water  by  means  of  heat  The 
liealsiig  process  was,  and  indeed  still  is,  oommenced  in  leaden  bodlers,  but  it  was  finished 
in  netortB  of  glass.  Instead  of  glass,  large  retorts  of  platinom  are  at  present  sabstitated. 
Modifications  of  this  ptoeess  of  oil  <ef  vitriol  manufadnre  are  now  ad(9fod,  to  the 
«xchiBion  of  the  otigixni.  One  of  the  most  ooaspldie  processes  of  tiiis  kind,  and  the 
apparatus  employed  in  oonducting  it,  I  shall  now  proceed  to  describe* 

It  Is  n^es^ted  by  the  diagram  on  page  344,  and  consists,  as  will  be  seen,  of  five 
leadcfn  ohunbers,  cMineeted  with  each  other  by  fl»es,  and  associated  wi&  other 
apparatus  to  be  described  h^eafter* 

Let  us  oommenee  our  description  of  this  apparatus  at  the  part  marked  A,  which 
represents  tiie  ash-pit  of  a  small  grate  or  furnace,  the  fuel  consumed  in  which  is  iron 
pyrites  (ioiphnret  of  iron).  The  heat  evolved  by  this  combustion  serves  to  vapourixe 
some  water  contained  In  a  vessel  represented  in  our  diagram  nnmediatdy  over  the  faiv 
naces,  and  which  will  be  seen  to  conununicate  by  means  of  pipes  with  ohambers  I  and 
3,  also  with  the  little  vessel  P.  Tradng  now  the  direotion  pursued  by  tiie  evolved 
sulphnrcms  acid  gas,  we  peroetve  that  it  goes  through  the  chimney  M  into  the  vessd  A, 
wImfo  it  comes  into  contact  with  a  stream  of  dl  of  vitriol  highly  charged  widh  nitro^ 
genous  compounds  of  oxygen  proeeediag  from  the  leaden  ves^  N ;  the  source  of 
which  will  be  indicated  hereafter.  In  the  vessel  A  are  represented  slanting  sheets 
of  lead ;  these  being  f(»  the  purpose  of  diiq^ensi&g  the  stream  of  nitrogenised  oil  of 
vitriol  into  iMn  layers,  and  luinging  it  into  contact  with  the  ascending  iam»  of 
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snlphurous  add.  No  sooner  does  sulphurous  acid  touch  the  nitroge&ized  oil  of  vitriol, 
than  mutual  reaction  takes  place ;  a  portion  of  sulphurous  acid  becoming  sulphuric 
acid  by  abstraction  of  the  necessary  oxygen.  As  a  result  of  this  decomposition, 
binoxide  of  nitrogen  is  formed,  and  immediately  converted  into  hyponitrous  and 


materials  now  pass  on  into  the  chamber  No.  1,  the  gaseous  flow  being  expedited 
by  a  jet  of  steam,  as  represented  in  the  woodcut.  But  the  steam  jet  has  a  chemical 
function  to  perform  also ;  it  has  to  prevent  the  generation  of  the  crystalline  body 
described  at  page  342,  and  to  determine  the  formation  of  sulphuric  acid,  which  it  does  so 
effectually  that  all  the  oxidizing  nitrogenous  compounds  resulting  from  the  impreg- 
nated oil  of  vitriol,  supplied  by  the  vessel  N,  are  exhausted  of  their  disposable  oxygen 
in  the  first  chamber,  or  No.  1,  i^  that  the  gaseous  current  which  enters  No.  4  is 
little  else  than  sulphurous  acid  mingled  with  atmospheric  air.  In  order  that  the 
continuous  formation  of  sulphuric  acid  shoxdd  go  on,  it  is  therefore  necessary  to  supply  a 
fresh  portion  of  oxidizing  materials.  This  is  accomplished  by  the  continuous  dropping  of 
portions  of  nitric  acid  upon  pieces  of  brick,  represented  lying  on  the  floor  of  chamber  D. 
No  aqueous  vapour  is  conducted  into  this  chamber,  but  the  gases  are  allowed  to  mingle 
thoroughly,  preparatory  to  their  almost  final  exhaustion  in  the  large  chamber  No.  3, 
where  they  meet  with  abundance  of  aqueous  vapour,  as  the  diagram  sufficiently 
represents.  Chambers  4  and  5  are  to  be  regarded  as  little  else  than  reMgerators,  and 
in  the  vessel  R  the  process  of  refrigeration  is  still  frirther  perfected  by  the  agency  of 
cold  water  externally  applied.  Nevertheless,  some  of  the  gaseous  ingredients  will 
escape — ^more  especially  a  remnant  of  nitrogenous  gases — ^into  the  cylinder  B,  where  a 
special  provision  is  made  for  retaining  them.  In  B  will  be  recognized  some  large  pieces 
of  coke,  which  are  continuously  moistened  by  a  stream  of  oil  of  vitriol  coming  from  O. 
By  this  treatment  the  oil  of  vitriol  becomes  charged  with  nitrogenous  vapours,  and 
ultimately  finds  its  way,  by  a  peculiar  contrivance,  into  the  vessd  N,  where  we  have 
already  recognized  its  presence  and  intimated  its  function.  The  means  by  which  the 
nitrogenized  oil  of  vitriol  is  conveyed  frx)m  B  to  N  are  simple  enough.  It  necessarily 
flows  into  P  by  simple  descent,  and  it  is  elevated  from  F  to  N  by  the  pressure  of 
steam,  turned  on  when  required  from  the  steam-boiler. 

Chemical  Fropertiea  of  Sulphuric  Add,  its  MetM  of  Determination  and  Ana^sis,^-y 
Some  of  the  properties  of  pure  sulphuric  acid  have  already  been  described.  This  sub- 
stance is  of  inferior  importance  to  the  chemist,  as  it  sddom  or  never  occurs  in  the 
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course  of  analytical  operatioiis.  Sulphuric  acid  in  solution  or  combination  are  the 
conditions  which  usually  present  themselyes  to  his  notice.  The  strongest  sulphiuic 
acid  of  English  commerce  (oU  of  yitriol)  is  a  compound,  as  I  have  already  mentioned, 
of  one  equivalent  real  sulphuric  acid,  and  one  equiyalent  of  vater.  It  has  the  physical 
appearance  of  an  oil,  whence  its  name.  Its  specific  gravity  is  about  1*850.  It  rapidly  unites 
with  water,  evolving  much  heat  in  doing  so.  It  chars  organic  matters  when  brought 
into  contact  with  them,  this  effect  being  referable  to  its  affinity  for  water,  as  the  fol- 
lowing explanation  will  make  evident.  Organic  bodies,  as  the  rule,  are  compounded  of 
oxygen,  hydrogen,  and  carbon,  with  or  without  nitrogen ;  hence,  if  oxygen  and  hy- 
drogen be  removed  in  the  form  of  water,  the  carbon,  either  with  or  without  nitrogen,  will 
remain.  But  the  natural  form  of  carbon  when  isolated  is  a  black  soUd  (charcoal),  and 
thus  the  clearing  operation  is  explained.  Like  all  strong  acids,  sxdphuric  acid  reddens 
litmus  paper  or  tincture  of  litmus ;  but  the  acid  must  be  considerably  diluted  in  order 
to  manifest  this  change  with  effect,  otherwise  the  destructive  tendency  of  the  acid 
comes  into  operation  at  once ;  the  vegetable  colour  is  charred  and  no  redness  is 
manifest. 

Sulphuric  acid  has  a  great  tendency  to  unite  with  alkalies,  and  the  generality  of 
metallic  oxidcs^n  short,  all  the  substances  to  which  the  generic  appellation,  bases,  is 
applied ;  constituting  salts  which  are  denominated  sulphates. 

Few  substances  admit  of  being  determined,  separated,  and  estimated  with  so  great 
facility  as  sulphuric  acid.  The  earth  baryta,  or  its  soluble  combinations,  is  the  test. 
Sulphate  of  baryta  is  absolutely  insoluble  in  water,  practically  speaking ;  therefore,  by 
means  of  baryta,  or  any  compound  of  the  metal  barium  (sulphate  of  baryta  of  course 
excepted),  the  whole  of  the  sulphuric  acid,  whether  combined  or  uncombiued,  existing 
in  any  solution  may  be  easily  thrown  down.  Of  this  the  student  may  convince  him- 
self by  a  very  simple  experiment  of  the  following  kind.  Pour  about  half  an  ounce  of 
water  into  a  beaker  or  test  glass,  add  one  drop  of  oil  of  vitriol,  and  prove  the  acidulous 
nature  of  the  solution  by  moistening  a  slip  of  blue  litmus  paper  with  it.  Next  drop  cau- 
tiously into  the  dilute  acid  a  solution  of  caustic  baryta  as  long  as  any  white  precipitate 
continues  to  subside.  Neutralization  being  thus  effected,  the  solution,  formerly  acid, 
will  be  found  to  have  totally  lost  the  property  of  reddening  litmus ;  in  other  words,  its 
acid  contents  will  have  been  removed. 

The  mere  occurrence,  however,  of  a  white  precipitate  on  adding  baiyta  to  a  solution, 
is  not  to  be  regarded  as  conclusive  evidence  of  the  presence  of  sulphuric  acid :  carbonic 
acid  will  effect  that  result,  and  some  other  acids  as  weU ;  but  all  the  white  precipitates 
resulting  are  soluble  in  boiling  nitric  acid,  with  the  sole  exception  of  sulphate  of  baryta. 
Two  white  barytic  precipitates,  at  least,  not  only  dissolve  in  hot  nitric  acid,  but  dissolve 
with  effervescence  owing  to  the  escape  of  gas.  A  barytic  precipitate  demeaning  itself 
thus,  may  be  either  the  carbonate  or  the  sulphite.  If  the  latter,  a  smell  like  that  of 
a  burning  sulphur  match  will  be  recognizable ;  if  the  former,  there  wiU  be,  in  small 
quantities,  no  smell  whatever ;  in  large  quantities  the  peculiar  odour  of  the  gas  (car- 
bonic acid)  which  is  evolved  firom  soda  water  and  ginger  beer. 

Not  only  are  baryta  and  barytic  compounds  qualitative  tests  of  the  presence  of  sul- 
phuric acid,  but  quantitative  tests  as  weU ;  for  the  sulphate  of  bar3rta  is  a  definite  com- 
pound, the  amount  both  of  barytio  and  of  sulphuric  acid  which  it  contains  is  well 
known ;  hence  the  amount  of  sulphuric  add  or  of  baryta  may  be  readily  determined  in 
a  definite  quantity  of  dry  sulphate  of  baryta.  Every  108*5  parts  of  this  body  cor- 
respond with  40  of  sulphuric  acid,  and  68*5  of  baryta. 
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SyponUphurie  ockL—K  a  cnzrtiLt  of  lulpluixmu  4icid  b»  pMsed  tkrongli  wftter  hoLA- 
iagpenudde  <^iii«igiiiese  in  xiupeiuioii,  the  gu  ii  ftlwcnrbed  wliUflt  any  of  tihe  pecozide 
ramuns,  whether  the  tQlaiion  be  hot  or  cold ;  but  the  khkL  of  deoompofldtion  differs 
acxxntling  to  the  temperatnze  fli  which  the  t»pe»tiaa  18  001^^  If  iliewaAerhold^ 

ing  the  oxide  in  suspension  be  cold,  the  foUowing  deoompoiition  takes  plsee : — ^Tw« 
equivalents  of  sulphurous  acid  combine  with  one  equivalent  of  ozygea  removed  itcim 
the  peroxide  of  manganese,  which  conseqaentlj  is  reduced  to  1^  oowlitinn  of  protoodde 
acid,  and  hyposulphate  of  protoxide  of  manganese  results, — H  deootnpooltion  which 
admits  of  being  thus  represented. 

2  Stdphurcras  acid  "/  I  Hyposulphuric  «cid 


/ 


I  Peroxide  of  manganese  |  ^  ^^^^ 


1  Oxygen  ^ 


1  Hfposulphate 
of  protoxide  of 
manganese 


Or,  in  chemical  symbols,  as  follows  :— 

MnOj  +  2S02=MnO.Sj03. 
If  the  water  holding  the  peroxide  of  manganese  in  suspension  be  heated,  a  still 
more  complete  absorption  of  oxygen  is  effected  by  the  sulphurous  acid  gas ;  which 
becomes  changed  into  sulphuric  acid,  and  by  uniting  with  protoxide  of  manganese,  forms 
the  sulphate  of  protoxide  of  manganese  ;  or,  as  more  simply  expressed,  the  protomt- 
phatt  of  manganese.  In  this  case  only  one  equivalent  of  sulphurous  acid  reacts  upon 
one  equivalent  of  peroxide,  and  the  scheme  of  decomposition  is  thus  expressed. 

1  Sulphurous  acid  /  1  Sulphuric  acid 


1  Sulphate  of  pro- 
toxide of  manga- 
nese. 


1  Peroxide  of  manganese  |  \  J^J®^^, 

Or,  MnOj  +  SO,  =r  MnOSOy 

Notwithstanding  any  care  we  may  take  in  cocking  the  water  holding  the  suspended 
oxide,  it  is  difficult  to  prevent  the  formation  of  a  little  sulphate  of  manganese  consenta^ 
neously  with  the  hyposulphate ;  hence  a  process  of  separation  must  be  had  reeourse 
to.  The  process  is  as  follows  : — ^The  filtered  liquor  is  decomposed  by  dropping  in  a 
solution  of  caustic  baryta,  which  precipitates  the  protoxide  of  manganeaei  and  gene- 
rates the  hyposulphate  and  the  sulphate  of  baryta.  The  latter  we  have  alieady  seen 
to  be  a  remarkably  insoluble  body,  but  the  former  is  soluble ;  it  aoo<»dingly  passes 
through  the  filter,  and  may  be  obtained  by  oontinuous  evaporation  of  the  filtrate 
(filtered  liquor). 

If  the  hyposulphate  of  baryta  be  now  re-diseolved  in  water,  and  sulphuric  add 
cautiously  dropped  in  \mtil  no  furdier  precipitate  is  occasioned,  it  is  evident  we  shall 
have  succeeded  in  throwing  down  all  the  baryta,  leaving  a  purs  aqueous  solution  of 
hyposulphuric  acid.  The  water  may  be  dissipated  by  means  of  evaporation;  but  the 
evaporation  must  be  conducted  without  heat,  in  a  manner  frequently  employed  by 
chemists  when  delicate  solutions  are  concerned. 

The  aqueous  solution  being  placed  in  a  capsule  of  glass  or  platinum,  is  inclosed 
within  the  receiver  of  an  air-pump  in  association  with  another  capsule,  holding  strong 
oil  of  vitriol.  A  vacuum  being  now  produced  by  working  l^e  putnp,  aqueous  vapour 
arises  from  the  dilute  solution  of  hyposulphuric  add ;  and  ^o  sooner  mses  than  it  is 
laid  hold  of  by  the  oil  of  vitriol,  which  becomes  dilute  at  the  expende  of  the  former, 
and  thus  concentration  of  hyposulphuric  add  is  effected. 
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This  body  has  nerer  yet  been  iiolated;  but  its  pzesenoe  in  oombiaition  with  bueft 
is  nuBquiyocally  demonslzated.  The  resalts  of  these  combiaatioiifl  are  termed  bypMul- 
phites ;  and  one  of  tbem,  hyposulphite  of  soda,  is  now  manufactured  in  considen^ble 
quantities  ftor  employment  in  photographic  operations.  There  are  various  methods  of 
prodttcing  hyposulphites ;  the  following  are  tiie  most  important  :r- 

(1).  By  boiling  the  solution  of  a  sulphite  with  an  ezceas  of  powdered  sul^^or,  by 
whioh  operation  the  necessary  amount  of  sulphur  to  form  a  hyposulphite  enters  into 
combinatum.  The  solution  now  being  filtered  and  evaporated,  yields  the  hyposulphite 
pure. 

(2).  By  the  solution  of  zinc  in  a  solution  of  sulphurous  acid.  This  metal  having  a 
great  tendency  to  imite  with  os^ygen  removes  a  portion  from  the  sulphurous  acid, 
generating  hyposulphurous  acid,  which  at  once  combines  with  the  oxide  of  ainc, 
fanning  hyposulphite  of  oxide  of  zinc  By  operating  in  this  way,  however,  a  variable 
amount  of  sulphite  of  zinc  is  simultaneously  produced. 

(3).  By  exposing  solutions  of  alTralinft  sulphurets  (sulphides)  to  certain  oxidizing 
agencies — such,  for  example,  as  oxygen  gas  or  atmospheric  air. 

(4).  By  boiling  a  solution  of  potash,  soda,  or  baryta,  with  sulphur  in  excess.  This 
process  yields  hyposulphite  of  the  base,  and  persulphurets  of  the  base  radical :  thus, 
supposing  sulphurct  of  potassium  to  have  been  employed,  we  obtain  hyposulphite  of 
potash,  and  persulphuret  of  potassium. 

H'cperU'es  of  SyponUpkUu, — A  hyposulphite  may,  in  general,  be  known  by  the  two 
following  characteristics.  It  is  decomposed  on  the  addition  of  eithw  of  the  mineral 
acids,  with  the  evolution  of  sulphurous  acid  gas,  easily  recognizable  by  its  peeuiiar 
smell,  and  deposition  of  sulphur ;  and  if  the  hyposulphite  be  of  an  alkaline  base  it 
dissolves  chloride  of  silver,  forming  a  transparent  sweet  solution. 

The  remaining  0»ygen  compoundi  of  Saiphur.'^TLhese  are  so  devoid  of  importance, 
both  theoretical  and  practical,  that  I  do  not  think  it  desirable  to  treat  of  them  ia 
detail. 

Combinationi  of  Sulphur  with  Sydrogen, — ^There  are  two  combinations  of  sulphur 
with  hydrogen— namely,  sulphuretted  hydrogen,  or  hydrosulphuric  acid,  and  hisul- 
phuretted  hydrogen. 

SrLPHUnETTED  HYDBOGEK,  OB  HYDROSULPHUBIC  ACID. 

Composition IIS 

Atomic  weight 17 

Atomic  or  combining  volume  in  the  gaseous  state  .        *      I      I 

Specific  gravity  in  the  gaseous  state 1'1681 

General  Memarkt. — This  compound  is  an  agent  of  great  importance  to  the  analytical 
chemist.  It  may  be  considered  as  the  test  par  excellence,  for  calcigenous  metals ;  all 
of  which,  except  iron,  manganese,  cobalt,  nickel,  and  uranium,  precipitate  from  their 
solutions  without  any  collateral  aid,  and  even  the  five  excepted  metals  are  precipitated 
£rom  their  solutions  by  this  agent  in  the  presence  of  an  alkali — by  preference  ammonia. 
The  prevailing  colour  of  these  precipitates  is  black ;  but  zinc  yields  a  white  preci- 
pitate, and  it  is  the  only  metal  which  does  so.  Manganese  (one  of  the  metals  which 
requires  the  collateral  aid  of  an  alkali  to  effect  precipitation)  yields  a  precipitate  with 
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hjdrosulphuric  acid,  which  is  sometimes  called  white,  but  which  is  in  reality  flesh 
or  eream-coloured.  Arsenic,  cadmium,  and  tin  (the  latter  in  certain  states  of  combina- 
tion) are  the  only  metals  which  yield  a  distinct  yellow  precipitate  with  it ;  the  preci- 
pitate afforded  by  antimony  is  sometimes  described  as  yellow,  but  it  is  in  reality 
orange-coloured. 

Thus,  by  the  eyidence  of  hydrosulphuric  acid  the  analytical  chemist  gleans  a  vast 
amount  of  information.  Let  us  suppose  the  existence  of  an  unknown  solution.  It 
has  to  be  analyzed.  It  yields  a  precipitate  with  hydrosulphuric  acid,  and,  therefore^ 
contains  a  metal ;  moreover,  it  contains  a  calcigenous  metal,  and  the  metal  is  neither 
iron,  cobalt,  nickd,  manganese,  nor  uranium,  for  these  only  yield  a  precipitate  when 
an  alkali  also  is  present.  Again,  the  solution  is  black,  therefore  the  metal  can  neither 
bo  arsenic  nor  cadmium  in  any  state,  nor  tin,  in  at  least  one  state  (t.  e,  as  a  persalt), 
nor  antimony,  "What  a  vast  amount  of  information  then  is  iconveyed  by  this  one 
test ! 

Reparation. — Direct  union  of  sulphur  with  hydrogen  has  never  yet  been  accom- 
plished ;  but  when  sulphur  is  brought  into  contact  with  hydrogen  in  a  nascent  condition, 
combination  between  the  two  is  readily  effected.  The  preparation  of  hydrosulphuric 
acid  is  usually  accomplished  by  acting  upon  sulphurets  (sulphides)  with  sulphuric  or 
hydrochloric  acids.  If  hydrosulphuric  acid  be  required  absolutely  pure,  the  most 
convenient  sulphuret  to  employ  is  the  sulphuret  of  antimony,  and  the  best  acid  the 
hydrochloric  (spirit  of  salt,  or  muriatic  acid).  The  decomp6sition  should  be  effected  in 
a  flask,  heated  by  means  of  a  spirit-lamp  or  other  small  flame ;  and  the  gas  may  be 
collected  either  over  mercury  or  water — for  although  water  dissolves  from  two  and 
a-half  to  three  volumes  of  the  gas,  the  absorption  soon  reaches  its  maximum,  and  does 
not  materially  interfere  with  the  pneumatic  operation.  It  is  but  seldom,  however,  that 
the  chemist  requires  to  collect  hydrosulphuric  acid  gas.  In  this  and  most  other 
examples  of  the  generation  of  a  gas  by  the  operation  of  heat  on  materials  contained  in 
a  flask,  it  is  proper  to  wash  the  gas  in  a  little  water :  the  means  of  accomplishing  this 
will  be  soon  described. 

Theory  of  the  Deeomposition. — ^When  sulphuret  of  antimony  is  acted  upon  by  hydro- 
chloric acid  the  decomposition  is  as  follows : — The  chlorine  of  hydrochloric  acid,  by 
uniting  with  antimony  of  the  sulphuret  of  antimony,  generates  chloride  of  that  metal, 
whilst  the  hydrogen  of  hydrochloric  acid  combining  with  sulphur  of  the  original 
sulphuret  of  antimony  forms  hydrosulphuric  acid.  These  several  grades  of  decom- 
position are  more  readily  explained  by  means  of  the  following  diagram  : — 


1  Sulphuret  (sesquisulphuret)  (  3  Sulphur 
of  antimony  (T 


3  Hydrochloric  acid 


[  2  Antimony> 


!3  Hydrogen 
3  Chlorine 


3  Hydrosulphuric  acid 


^1  Chloride  (sesquichloride) 
of  antimony 


Or,  Sb^^Sg  +  3HC1  =  Sb^Cls  +  3HS. 

In  general  laboratory  operations  sulphuret  of  iron  is  more  frequently  used  than 
sulphuret  of  antimony  for  developing  hydrosulphuric  acid,  and  oil  of  vitriol  diluted 
with  about  three  or  four  times  its  volume  of  water  is  substituted  for  hydrochloric  acid. 
If  the  sulphuret  of  iron  be  completely  free  from  particles  of  metallic  iron,  the  resulting 
hydrosulphuric  acid  is  equally  pure  with  that  resulting  from  sulphuret  of  antimony 
*  Stibium,  the  Latin  word  for  antimoiif.    Vtde  pag^e  278. 
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and  hydrochloric  acid ;  hut  this  seldom  ohtains ;  hence  the  gas  is  usually  contaminated 
-with  a  little  hydrogen.  The  latter,  howeyer,  is  far  from  heing  prejudicial  to  the 
employment  of  hydrosulphuric  acid — for  most  of  its  common  applications  is  rather 
adyantageous,  hy  expanding  the  yolume  of  the  hydrosulphuric  acid  gas,  and  hringing 
it  more  fully  into  contact  with  the  metal  to  be  precipitated  than  otherwise  would  be 
the  case. 

As  the  operation  of  preparing  sulphuretted  hydrogen  is  of  frequent  occurrence  in 
the  laboratory,  I  shall  proceed  to  indicate  more  fully  than  I  haye  hitherto  done  the 
proper  apparatus  to  be  employed.  In  the  process  already  detailed,  involving  the  use 
of  sulphuret  of  antimony  and  hydrochloric  acid,  we  found  it  necessary  to  use  a  flask 
and  to  apply  heat ;  but  when  sulphuret  of  iron  is  the  material  acted  upon  heat  is  no 
longer  necessary,  and,  consequently,  a  wide-mouthed  bottle  may  be  substituted  with 
advantage  for  the  flask. 

Thus  modified,  the  apparatus  will  be  as  represented  in  the  annexed  cut.  It  con- 
sists of  two  widcrmouthed  bottles ;  the  greater  of  which  may  hold  a  pint,  and  the 
other  need  not  be  quite  so 
large.  The  cork  having 
been  removed  from  the  flrst, 
some  pieces  of  sulphuret  of 
iron  are  thrown  in,  and  the 
cork  is  replaced.  The  smaller 
bottle  is  to  be  about  half  filled 
with  water,  and  the  cork  re- 
placed. 12  3  respectively 
indicate  small  lengths  of 
glass  tubing.  G  0  are  pieces 
of  vulcanized  india-rubber 
tube,  one  leading  from  the 
flrst  to  the  second   bottle, 

another  leading  from  the  second  bottle  to  the  length  of  glass  tube,  which 
begins  at  the  point  marked  l^  and  extends  down  into  a  beaker  glass,  which 
is  supposed  to  contain  a  metallic  solution  to  be  precipitated  by  the  hydrosulphuric 
acid  gas.  If  we  desire  to  set  this  apparatus  in  operation,  nothing  more  is  required 
than  to  pour  oil  of  vitriol  properly  diluted  down  the  funnel  F,  when,  on  coming 
into  contact  with  the  sulphuret  of  iron,  hydrosulphuric  acid  will  be  liberated,  and 
the  latter  bubbling  through  the  water  in  the  small  bottle  will  be  washed  free  from 
any  sulphuric  acid  which  may  by  chance  have  come  over  with  it ;  and  hydrosulphuric 
acid  will  be  finally  driven  through  the  solution  contained  in  the  beaker  glass.  The 
apparatus  here  described  differs  in  some  respects  from  that  commonly  provided  for  the 
purpose,  and  unquestionably  with  advantage.  Firstly,  it  is  usual  to  substitute  for  the 
straight  pieces  of  tubing  1  and  2  pieces  bent  once  at  a  right  angle,  effecting  the 
junction  between  them  by  a  very  short  connector  of  india-rubber.  It  is  usual,  also, 
to  substitute  for  the  compound  tube  of  glass  and  india-rubber  terminating  in  the 
beaker  glass  one  piece  of  bent  glass  tubing.  Now  the  advantages  of  the  apparatus 
above  represented  are  as  follow : — Complete  absence  of  rigidity  is  secured  between  the 
two  bottles — a  somewhat  important  matter,  as  the  operator  will  now  discover,  if  he 
work  much  in  the  laboratory ;  complete  freedom  of  motion  in  the  delivery  tube,  and, 
what  is  still  of  more  consequence,  the  ability  to  join  at  the  point  b  a  clean  piece  of 
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glass  tabmg  for  ervrj  new  c^eratian.  Let  us  sappoae  that  the  chemist  has  been 
throwing  down  arsenic  by  means  of  the  rigid  bent  delirery  tube  nsoally  employed  for 
this  purpose.  Of  course  the  tube  becomes  soiled  with  Hat  solution  internally,  and 
until  perfectly  cleaned  ought  not  to  be  used  lor  the  precipitation  of  any  other  metal. 
But  to  clean  a  glass  tube  bent  into  the  form  of  a  Y  is  no  easy  matter,  and  in  trying  to 
do  so  either  time  is  consumed  (without  avail  sometimes),  or  the  operator  is  tempted  to 
prejudice  his  result  by  using  a  dirty  tube.  Our  form  of  apparatus  remorres  all  these 
difficulties.  One  word  now  concerning  the  sort  of  india-rubber  tubing  to  be  employed. 
It  must  be  vulcanized,  aa  I  have  already  stated,  and  rulcaaized  india-rubber  tubing 
can  be  obtained  of  almost  any  dealer  in  chemical  apparatus ;  but  the  exact  kind  of 
vulcanized  tubing  which  best  suits  our  preaent  purpose  must  be  sought  in  a  quarter 
not  very  ecmgenisJ,  for  the  most  part,  to  philoaophic  operations.  It  must  be  sought  at 
the  tobacconist's  imder  the  name  of  Hookah  tubes.  It  is  not  only  a  cheaper  material 
than  that  purchased  at  chemical  warehouses,  or  even  of  india-rubber  maimfaetnren,  but 
it  is  better  in  several  respeeta,  smaller,  more  d^cate,  and  more  easy  of  adaptation. 

Sulphuretted  hydrogen  is  either  used  as  a  mere  qualitatire  test,  to  indicate  the 
existence  of  certain  bodies  by  the  evidence  of  change  of  colour,  or  it  is  employed  as  a 
quantitative  precipitant.  In  the  former  case  it  is  generally  preferable  to  employ  a 
solution  of  the  gas  in  water  ;  in  the  latter  the  gas  itself  should  generally  be  employed 
to  avoid  unnecessary  dilution  of  the  liquid  acted  upon.  Water,  to  be  impregnated  with 
hydrosulphuric  acid  gas,  should  be  pure  and  cold;  it  should,  moreover,  have  been 
recently  boiled  to  effect  the  expulsion  of  all  traces  of  atmospheric  air  and  other  gases. 
Under  these  conditions  water  soon  takes  up  its  maximum  of  hydrosulphuric  acid,  the 
more  speedily  if  it  be  agitated  during  the  act  of  gaseous  transmission.  The  solution 
thus  obtained  should  be  kept  well  corked  and  in  a  eool  and  dark  place.  Eftsn  with  all 
this  care  it  is  decomposed  in  time,  sulphur  deposited,  and  the  nauseous  odour  of  rott^i 
eggs,  so  characteristie  of  sulphuretted  hydrogen^  lost.  Whenever  these  changes  ensue 
the  solution  is  worthless,  and  should  be  thzown  away. 

Though  the  usual  condition  of  hydrosulphuric  acid  be  gaseous,  it  may  be  also  obtained 
in  the  liquid  and  solid  state.  It  is  liquified  at  ordinary  temperatures  by  a  pressure  of 
about  sixteen  atmospheres,  being  eondensed  into  a  transparent  liquid  having  the  specific 
gravity  of  0*9.  Its  reduction  to  the  solid  state  requires  the  simultaneous  appliealion  of 
extreme  cold  and  pressure:  Sulphuious  acid  gas  is  not  a  supporter  of  combustion  for 
ordinary  combustibles,  but  it  readily  bums  if  a  light  be  applied,  the  results  of  c<Hnbu8- 
tion  being  sulphurous  acid  gas  and  water.  It  is  a  remarkably  poisonous  gas,  a  small 
percentage  of  it  in  the  atmosphere  being  fatal  to  animal  life  if  breathed  many  times  in 
succession.  StiU  more  extraordinary  is  the  fSoct  that  an  atmosphere  contaminated  with 
this  gas  can  prove  fatal  to  animal  life  by  mere  absorption  through  the  skin.  A  French 
Tcterinary  surgeon  demonstrated  this  by  enyeloping  a  horse  m  a  large  air-tight  bag 
containing  this  gas  mixed  with  air.  The  horse  died  from  the  effects  of  cutaneous 
absorption.  Nevertheless,  the  gas  is  exhaled  from  the  hair  of  animals,  mnd  this  figu>t  is 
taken  advantage  of  in  the  employment  of  a  hair  dye.  Formerly  nitrate  of  sihrer  was 
employed  as  the  universal  hair  dye,  but  it  is  attended  with  the  great  disadvantage  of 
discolouring  skin  as  well  as  hair.  A  mixture  of  oxide  of  lead  and  lime  is  now  employed^ 
and  it  has  the  advsntage  of  dyeing  the  haor  without  disc(^ooring  the  skin.  The  theory 
of  the  application  is  simply  this : — ^Lead  being  one-  ef  the  metala  with  whidi  hydrosdf- 
phuric  acid  yields  a  Uadr  precq>itatej  and  the  h«hr  being^  weU  penetrated  with  the 
metallie  oxide,  blackness  lesultt  from  lAie  deoonpoettios  of  that  oxide  by  thehydresul- 
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phiiric  acid  which  it  meets  with  in  the  capillary  tubes.    The  function  of  the  lime  is 
not  only  to' effect  remoyal  of  oil,  hut  to  render  the  oxide  of  lead  somewhat  soluble. 

It  remains  now  for  me  to  explain  the  nature  of  the  precipitates  thrown  down  by 
hydrosiilphuric  acid  from  certain  metallic  solutions.  These  compounds  are  sulphurets, 
otherwise  called  sulphides ;  the  results  of  direct  union,  therefore^  between  sulphur  and 
the  metal,  or  other  second  body,  as  I  hare  already  explained,  page  3S5.  Consequently, 
when  hydrosulphuzic  acid  ia  passed  through,  a  solution  of  a  metallic  oxide,  and  a 
metallic  sulphuret  of  the  metal  results^  water  also  must  be  formed.  The  following 
diagram,  ilXustratiBg  the  fonnation  of  sulphuret  of  lead  by  meaiis  of  hydrosulphuric  acid 
transmitted  through  acetate  of  oxide  of  lead,  will  render  this  statement  eyident : — 

Acetate  of  lead  (*.  «.  acetate  (  ^^^^  ^^      .  Oxv^en  

of  oxide  of  kad)  1  Oxide  of  lead  ]  j^^ 


Hydrosulphuric  acid  |  |^^   * 


This  production  of  sulphurets,  by  the  action  of  hydrosulphuric  acid  on  metalHc 
oxides,  is  a  yery  interesting  subject  for  contemplation.  Hydrosulphuric  acid  is  the 
first  hydrogen  acid,  or  hydr-acid,  that  has  hitherto  come  under  our  notice  in  this 
Yolume,  and  a  slight  amount  of  attention  will  assure  us  that  its  relations  to  bases  axe 
Yery  different  from  the  generally  accepted  rel&tions  of  oxygen  acids  to  the  same.  I 
say  generaUy  accepted,  because  chemists  are  by  no  means  agreed  concerning  the  exact 
scheme  of  the  combination  of  the  oxygen  acids ;  but  we  speak  of  them  at  least  as  com- 
bining with  bases,  the  latter  being  for  the  most  part  metallic  oxides.  Now  let  us  con- 
template the  difference,  as  to  scheme  of  combination,  between  the  action  of  sulphuric 
acid  and  hydrosulphuric  acid  on  one  oxide — of  lead  for  instance.  If  sulphuric  acid  be 
added  to  oxide  of  lead,  or  a  solution  containing  it,  a  white  compound  (sulphate  of 
oxide  of  lead„  or  sulphate  of  lead  as,  for  brevity,  it  is  sometimes  called)  is  formed. 
Thus  we  have,  or  at  least  we  appear  to  haye,  a  direct  combination  of  sulphuric  acid 
and  oxide  of  lead,  thus :— 

S^Wl^'i  Sulphate  of  lead 

But  if  for  sulphuric  acid  we  substitute  hydrosulphuric  acid,  the  former  type  of  com- 
bination is  wholly  departed  from.  We  do  not  obtain  hydrosulphate  of  oxide  of  lead, 
but  sulphuret  of  lead  and  water.  There  can  be  no  question  about  the  formation  of 
sulphuret  of  lead,  because  it  falls  and  we  obtain  it  bodily ;  but  had  it  so  happened  that 
the  result  of  transmitting^  hydrosulphuric  acid  through  oxide  of  lead  might  haye  been 
a  substance  soluble  in  water,  our  chief  eyidence  as  to  the  formation  of  a  sulphuret 
would  haye  been  aibsest..  It  might  haye  dissolved  as  a  sulphuret  without  decompo- 
sition of  water,  or  as  a  hydrosulphate  with  decomposition  of  that  fluid,  as  the  two 
following  schemes  will  explain. 

I. 


"Wate^        1  Aqueowi  solution  of  sulphuret  of  x 
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Sulpharetof*{*^p^^ 


^•*«l^dS^» 


Oxide  of  a; 


Hjdrosalphuiic  acid 


Hydrosolphate  of 
oxide  of  « 


-  These  remarks  apply  to  all  the  hydracids  without  exception ;  and  if  we  accept  the 
Lavoiserian  doctrine  of  salts,  as  being  the  results  of  union  hetween  acids  (compounds) 
and  bases  (also  compounds)  ;  and  if,  moreoyer,  we  continue  to  regard  oxyacids  as  the 
type  of  normal  acidity,  the  hydracids  will  constitute  an  intractable  exception  to  such 
generalizations.  But  modem  theory  rather  tends  to  the  point  of  making  hydracids  the 
type,  and  associating  salts  of  oxyacids  with  sulphurets,  and  other  cognate  bodies.  There 
is  no  proper  field  in  a  Tolume  of  this  kind  for  a  full  exposition  of  the  arguments 
in  favour  of  this  doctrine  or  against  it.  I  must,  therefore,  content  myself  with  proving 
to  the  student  by  one  example,  that, — the  attempt  to  assimilate  oxyacid  salts  with  the 
type  of  hydracid  salts,  ia  not  so  impracticable  as  one  might  imagine.  Take,  for  instance, 
sulphuret  of  lead.  .  Its  elements  are  sulphur,  oxygen,  and  lead  combined,  as  chemists 
usually  assume,  in  the  grouping  of  three  of  oxygen  plus  one  of  sulphur  (sulphuric  acid) 
with  one  of  oxygen  plus  one  of  lead  (oxide  of  lead),  or  simply  thus : — 


Or,  still  more  simply,  thus : — 


Sulphuric  acid  \ 
Oxide  of  lead  J 


SO3  PbO 


But  it  is  also  competent  for  us  to  assume  the  existence  of  a  body  having  the  following 
arrangement  of  elements : — 

SO4  Pb 

In  which  case  the  group  SO4  would  correspond  in  function  with  sulphur  in  sulphuret 
of  lead. 

It  would  lead  us  too  far  from  the  objects  of  this  volume  were  we  to  expatiate 
further  on  the  theory  of  combinations ;  but,  before  quitting  the  subject,  the  curious 
fact  may  be  noticed  that  if  the  strict  notion  of  an  acid,  as  adopted  by  Lavoisier,  be 
advocated — if  chemists  see  good  reason  for  limiting  the  definition,  salt,  to  the  binary 
combination  of  a  compound  with  a  compound  (an  acid  with  a  base),  then  must  we  be 
driven  to  the  necessity  of  denying  the  claim  of  common  salt  to  be  a  salt,  inasmuch  as 
both  chemical  analysis  and  chemical  synthesis  prove  it  to  be  a  combination  of  the  two 
elements,  chlorine  and  sodium.  Had  it  chanced  to  hold  the  elements  of  water  in  its 
crystalline  structure,  then  we  might  have  adopted  one  of  two  theories  as  to  rts  consti- 
tution ;  we  might  have  regarded  it  as  a  chloride  plus  water  of  crystallization,  or  as  a 
hydrochlorate  without,  as  the  two  appended  schemes  will  illustrate — 


Common  salt  and 
elements  of  water 


C     Chloride  of  sodium      1 


Chloride  of  sodium 
with  water  of 
crystallization. 


Common  salt  and   ^  Chlorine 
elements  of  water  1  Sodium 
(Oxygen 


I  Hydrochloric 


acid 


I  Soda 


Anhydrous 
Thydrochlorate  of  soda 
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Any  theory  requiring  us  to  banish  common  table  salt  from  the  list  of  saliae  bodies, 
would  indeed  be  startling ;  accordingly,  when  the  real  constitution  of  hydrochloric  and 
the  other  hydracids  became'^known,  and  the  nature  of  the  results  of  their  action  on 
bases  determined,  the  term  haloid  salt  was  inyented  to  designate  bodies  having  a 
composition  analogous  to  that  of  common  table  salt  (from  aXs  tea  salt,  and  ci8os 
likeneU), 

BISULPHV&ET  OF  HYDBOOEN. 

.    Composition    ........    HS, 

Atomic  weight 33 

If  flowers  of  sulphur  be  boiled  with  cream  of  lime  (lime  mingled  with  water),  or 
a  solution  of  potash  or  soda,  a  portion  of  sulphur  is  in  either  case  dissolved,  and 
numerous  sulphurets  are  generated,  the  exact  number  and  composition  of  which  have 
never  yet  been  determined.  To  these  combinations  of  sulphur  with  lime,  potash,  or 
soda  respectively,  the  designation  of  polyndphureU  has  been  applied,  a  term  indicative 
of  the  existence  of  an  indefinite  number  of  sulphurets.  These  polysulphuretted 
combinations  are  decomposed  when  poured  into  aqueous  hydrochloric  acid  (spirit  of 
salt).  General  turbidity  of  the  mixture  first  ensues ;  but  on  allowing  it  to  stand  at 
rest  for  some  time,  a  heavy  yellow  liquor  (bisulphuret  of  hydrogen)  sinks  to  the 
bottom,  and  may  be  withdrawn  by  syphonage.  The  substance  decomposes  when  left 
exposed  in  the  air,  or  when  acted  on  by  water ;  it  may,  however,  be  preserved  if  kept 
immersed  in  somewhat  concentrated  hydrochloric  acid. 

SELENIUM. 

Equivalent  or  atomic  weight  .        .  39*5 

Hitherto,  all  the  elementary  bodies  which  have  come  under  our  investigation  are 
such  as  we  find  around  us  in  large  proportions.  The  immense  quantity  of  oxygen 
existing  in  nature  has  been  already  noticed.  Nitrogen  and  hydrogen  exist  also  in 
large  proportions ;  and  sulphur  is  not  only  a  widely-spread  constituent  of  minerals,  but 
it  pervades  our  own  bodies,  and  also  the  greate^portion  of  the  aliment  we  consume. 
Selenium  comes  before  us  in  another  guise.  It  is  one  of  the  rare  substances  which 
nature  sparingly  produced  in  the  beginning ;  and  when  produced,  hid  it  mysteriously  in 
combination  with  rare  mineral  species,  apparently  with  no  other  intention  than  to 
confer  honour  on  the  chemist  who  should  discover  it.  That  honour  fell  to  the  lot  of 
the  celebrated  Jacob  Berzelius,  who  discovered  it  in  1817. 

If  the  student  be  sufficiently  unwise  to  study  the  properties  of  selenium  before  he 
has  made  himself  acquainted  with  other  bodies  more  familiar  to  us,  and  more  useful, 
he  may  obtain  a  specimen  occasionally  in  the  stores  of  those  who  deal  in  chemical 
curiosities ;  but  quite  as  weU,  perhaps  better,  will  it  be  to  learn  aU  that  he  wants  to 
know  concerning  selenium,  for  a  time,  from  the  description  now  to  be  presented. 

Siatqry  and  Natural  Eiatoty, — Selenium,  so  called  after  cre^^yi},  the  moon,  for  the 
reason,  more  fanciful  than  philosophic,  that  it  had  been  mistaken  for  tellurium,  called 
after  Tellus,  the  earth ;  and  its  identity  with  tellurium  being  disproved,  it  was  named 
after  the  earth's  satellite.  It  presents  many  points  of  similarity  to  sulphur,  and  in 
this  does  its  chief  interest  lie ;  for  selenium  is  a  very  interesting  body,  notwithstanding 
the  chemical  student  has  been  advised  to  pass  it  over  for  a  time  with  a  casual  investi- 
gation. Like  sulphur,  it  can  exist  in  the  three  conditions  of  solid,  liquid^  ^and  gas. 
Like  sulphur,  it  forms  selenious  and  selenic  acids,  having  a  parallel  composition  to  the 
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gulphuroiui  and  sulphuric.  Then,  ftgain,  selexdc  add,  Hke  stdpinuio  add,  fortna  a  yery 
insoluble  compound  with  bai^ta ;  and,  for  the  most  part,  the  crytrttdHne  diafaeter  of 
seleniates  is  similar  to  the  crystaHine  character  of  sulphates :  hence  they  are  said  to  he 
isomorphous.  Furthermore,  as  sulphur  unites  irlth  hydrogen  to  form  hydrosnlphmte 
acid,  so  does  selenium  unite  with  that  element  to  form  hydroselenic  acid ;  and,  at  the 
former  dissolves  in  water,  yielding  a  solution  which  ultimately  suffers  decompoffltfony 
attended  with  the  deposition  of  sulphur,  so  does  hydroselenic  acid  afford  parallel 
results.  All  these  points  are  yery  curious  and  interesting,  but  w«  must  not  expatiate 
further  upon  them. 

'  CHLOBXNS. 

Equiyalent  or  atomic  weig2rt 36 

Atomic  size  or  volume |      | 

Specific  gravity  in  gaseous  state   .  .        .    2*i26 

^  RUtory  and  8ywmyme8.^G]Aoi\Re  wag  discovered  in  1774  by  Scheele,  who  termed 
It^dephlogisticated  marine  gas ;  subsequently  it  was  called  ozymiuiatic  add,  £rom  the 
belief  that  it  was  a  compound  of  muriatic  acid  (hydrochloric  acid),  plus  oxygen.  To  oixr 
own  countryman,  Davy,  the  merit  is  due  of  pointing  out  its  true  nature,  and  referriag 
it  to  the  list  of  simple  bodies.  The  modern  appellation  chlorine  is  very  expressive  and 
appropriate,  being  derived  from  x^^P^h  yeUomsh^green^  the  exact  tint  of  chlorine. 
Chlorine,  although  generally  obtained  as  a  gas,  may  be  reduced  to  a  liquid  by  pressure 
alone  at  ordinary  natural  temperatures,  and  still  more  readily  by  the  simultaneous 
agency  of  cold. 

Preparation, — As  chlorine  does  not  exist  uncombined  in  nature,  the  chemist  procures 
it  artificially.  Nature's  great  reservoir  for  chlorine  is  common  salt  (chloride  of  sodium), 
in  comparison  with  which  all  other  combinations  of  chlorine  are  insignificant.  Chlorine 
is  usually  prepared  by  one  of  two  processes  :  either  by  distilling  a  mixture  of  peroxide 
of  manganese,  common  salt,  and  oil  of  vitriol,  or  a  mixture  of  peroxide  of  manganese 
and  hydrochloric  acid.  The  second'  operation  is,  perhaps,  less  frequently  performed 
than  the  first ;  but  as  the  decomposition  which  ensues  is  somewhat  the  more  simple,  it 
shall  first  receive  our  attention.    The  decomposition  is  as  follows : — 

C  Chlorine is  evolved. 

Hydrochloric  acid .  .  .  ^  Chlorine       .     .     .  \ 

f  t\  \  I  of  ota&ffaaete* 

Peroxide  of  m«ga««e{0:^^\    .    j 

From  an  examination  of  which  scheme  we  see  that  the  results  of  this  deoon|K>sitiGa 
^e  protochloride  of  manganese,  water,  and  chlorine,  of  whidi  alone  the  latter  is 
gaseous  at  the  temperature  employed,  and  is  therefore  evolved,  tn  symbolic  notation 
the  decomposition  is  thus  represented  :— 

-      ^InOj  +  2HC1  =  MnCl  +  2H0  +  CL  I 

If  for  a  mixture  of  hydrochloric  add  and  peroxide  of  manganese  we  stibstitate  a 
ttLJ^iircof  sulphuric  acid,  peroxide,  and  common  salt  (chloride  of  sodium),  the  deoom» 
position  IS  as  follows  :— 
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1  Chloride  of  ( I  Otaorine 

sodium      i  I  Sodium )  «^^ 
1  Perojdde  of  ( 1  Oxygen  S         \ 
manganese    ( I  Protoxide . .      \ 

1  Sulphuric _\  J ^1  Sulphate  of  soda. 

acid 


A„ 


1  Sulplnuic A    1  Sulphate  of  ]MN)tO!nde(protoETilphate) 

acid  of  I 


A  decomposition  represented  hy  the  foUowing  symbolic  notation : —  \ 

KaCl  +  MnOj  +  280,  =s  NO  .  SO3  +  MnO. SO3  +  CI 

'Whicbeyer  process  fbr  the  liberation  of  chlodne  bo  adoftid,  t^  same  gtrangeroent 

of  apparatus  will  suffice,  and  is  

represented  in  the  subjoined 
diagram,  the  nature  of  which 
is  so  obvious  that  few  words  of 
explanation  will  suffice.  A  com- 
mon Florence  flask  is  the  reci- 
pient of  oxide  of  manganese 
and  its  decomposing  associates, 
and  the  acid  by  which  decom- 
position is  effected  is  poured  in 
through  a  little  funnel,  passing 
well  down  into  the  contents. 
The  liberated  chlorine  may,  pro- 
bably, be  contaminated  with  a 

little  hydrochloric  or  sulphuric  acid,  and  should  therefoio  be  washed  by  an  interposed 
bottle  containing  a  little  water ;  firom  which,  finally,  by  means  of  a  properly-disposed 
tube  of  glass,  gutta-percha,  or  vulcanized  rubber,  it  may  be  conducted  under  the 
mouth  of  an  inverted  bottle  standing  over  the  shelf  of  the  pneumatic  trough. 

CHLORINE  WITH  HYDBOOEN    (hYDEQCHLOBIC  ACTD). 

Equivalent  or  atomic  weight                  .       ...        S6 
Atx)mio  volume       ...                      .        .  [       1       ! 
Specific  gravity 1*2474 

Sistory  and  Synonymes. — ^Hydroohlorio  acid,  ia  its  pure  or  gaseous  condition,  was 
disooTered  by  Priestley  in  1772;  but  its  aqueous  solution,  known  as  muriatic  acid  or 
spirit  of  salt,  has  been  prepared  from  timos  of  great  antiquity. 

Freparation.—VvoQQss  1 :  The  readiest  meftos  of  preparing  hydrochloric  acid  gas 
consists  in  the  application  of  heat  to  its  strong  aqueous  solution ;  in  other  words,  spirit 
of  salt  or  muriatic  acid  of  the  shops.  This  is  how  it  was  originally  prepared  by 
Priestley ;  the  process,  however,  not  being  instructive  as  regards  the  composition  cf 
hydrochloric  acid,  I  will  now  proceed  to  describe  others. 
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Process  2.  Hydrochlorio  acid  gas  may  be  synthetically  formed  by  the  combustion 
of  hydrogen  and  chlorine  mixed  in  equal  volumes.  The  combustion  maybe  effected 
either  by  means  of  the  electric  spark,  or  flame,  or  a  red-hot  body.  Spongy  platinum 
and  solflff  light  also  produce  a  similar  result.  Chlorine  and  hydrogen  mixed  in  the 
proportions  necessary  to  generate  hydrochloric  acid  may  be  retained  in  contact  without 
union,  provided  light  of  the  sun  be  excluded.  If  difi^  solar  light  be  admitted,  the 
combination  ensues  gradually ;  but  if  the  light  be  direct,  the  result  is  combustion. 
According  to  Mr.  Brande,  the  light  of  two  charcoal  points  ignited  by  voltaic  eleetricity 
produces  a  similar  effect. 

This  process  of  generating  hydrochloric  acid  gas  is  but  of  slight  use  in  practice. 
Theoretically,  however,  it  is  most  interesting  and  important.  Not  only  does  the 
operation  teach  us  that  hydrochloric  acid  is  the  result  of  direct  union  between  hydrogen 
and  chlorine,  but  it  teaches  us  the  ratio  of  that  imion,  and,  in  addition,  makes  us 
acquainted  with  the  important  fact  that  the  union  is  attended  with  no  condensation. 
From  this  latter  circumstance  it  follows  that  the  atomic  size  of  hydrochloric  acid  must 

be  equal  to  two  volumes,  or  I       I       I ;  as  it  is,  indeed,  represented  at  the  commence- 
ment of  our  description. 

It  is  important  to  remember,  in  connection  with  the  preceding  operation,  that  the 
hydrogen  and  chlorine  gases  employed  may  be  absolutely  deprived  of  aqueous  moisture, 
and,  as  a  consequence,  of  oxygen.  Hence  it  follows  that  hydrochloric  acid  gas  must  be 
devoid  of  oxygen.  At  this  epoch  of  chemistry  it  would  be  scarcely  necessary  to  impress 
this  fact  on  the  learner's  mind,  except  for  the  circmnstance  that  the  theory  was 
once  strenuously  maintained  that  muriatic  acid  (hydrochloric)  contained  oxygen  as  a 
necessary  constituent. 

Process  3.  By  the  distillation  of  dry  common  salt,  mixed  with  a  sufficient  quantity 
of  strong  oil  of  vitriol  to  convert  it  into  a  thick  paste.  In  conducting  this  operation^ 
the  common  salt  should  be  powdered,  thrown  into  the  distillatory  vessel,  and  the 
necessary  quantity  of  sulphuric  acid  added.  A  due  pasty  consistence  may  be  imparted 
by  merely  shaking  the  flask  or  retort  in  which  distillation  is  conducted.  For  the 
present  operation  a  Florence  flask  answers  perfectiy  well ;  and  I  shall  now  proceed  to 
indicate  a  contrivance  by  which  it  may  be  adapted  to  our  present  wants  with  extreme 
ease. 

When  a  flask  is  made  to  perform  the  function  of  a  retort  in  distillatory  operations, 
the  usual  plan  of  operation  consists  in  supplying  it  with  an  accurately-fitting  cork, 
perforated  so  as  to  admit  of  a  bent  glass  tube.  The  fastidious  craving  of  tobacco 
smokers  for  new  contrivances  has,  however,  brought  into  the  market,  under  the  name 
of  vulcanized  rubber  mouth-pieeesy  a  contrivance  admirably  adapted  to  abridge  tho 
trouble  of  chemists  in  this  and  numerous  other  operations. 
The  mouth-pieces  in  question  are  elongated  tubes  of 
vulcanized  rubber,  as  represented  in  the  annexed  sketch 
(Fig.  A) .  One  of  these,  having 
its  large  orifice  moistened,  may 
be  readily  adapted  to  a  distil- 
latory fiask  by  drawing  it  over 
^iar-  A.  ^e  mouth  of  the  latter,  as  in 

Fig.  B ;  and  a  piece  of  glass  tube  being  thrust  into  the  Fig.  B. 

smaller  extremity,  a  great  deal  of  trouble  in  the  way  of  cork-boring  and  tube-adapting 
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is  saved.  Hydn>chloric  acid  gas  does  not  admit  of  being  collected  oyer  water,  inas- 
much as  this  liquid  absorbs  it 
with  great  rapidity.  It  must 
be  collected  over  mercury,  or 
by  displacement.  The  latter 
process  serves  well  enough  for 
all  ordinary  occasions,  and  the 
complete  method  of  conducting 
the  operation  is  represented  in 
the  annexed  woodcut. 

The  decomposition  which 
ensues  in  performing  the  pre- 
ceding operation  is  as  fol- 
lows :— 

Chloride  of  sodium  (  ^^'^"^® hydrochloric  acid. 

(commonsalt)      {g^^ 


Concentrated  oQ  of  (^^^  \  H^^^n 
vitriol 


\ 


Sulphuric  acid. 


Sulphate  of  soda. 


Or,  in  chemical  symbols,  the  decomposition  stands  thus  :- 

NaCl  +  SO3  -h  HO  =  NaO .  SO3  +  HCl. 

Prop^Mf— Hydrochloric  acid  gas  is  colourless  and  exceedingly  pungent.  It  is 
absorbed  by  water  with  violent  rapidity,  the  result  being  hydrate  of  hydrochloric  acid 
(the  muriatic  acid,  or  spirit  of  salt,  of  the  shops).  Owing  to  this  violent  tendency  to 
unite  with  water,  hydrochloric  acid  gas,  though  itself  colourless,  generates  dense 
fumes'  when  allowed  to  escape  into  the  air ;  thus  proving  that  the  atmosphere,  even  in 
states  of  weather  the  most  dry,  contains  variable  amounts  of  aqueous  vapour.  Still 
more  white  and  dense  are  the  fumes  which  result  when  hydrochloric  acid  gas  is 
brought  into  contact  with  gaseous  ammonia,  because  of  the  hydrochlorate  of  ammonia 
(sal-ammoniac)  formed.  All  burning  bodies,  when  introduced  into  a  vessel  containing 
hydrochloric  acid  gas,  are  extinguished,  and  the  gas  itself  cannot  be  made  to  inflame. 
Its  specific  gravity  being  1*2474,  and,  therefore,  the  gas  being  heavier  than  atmospheric 
air,  it  may  be  collected  by  downward  displacement,  as  I  have  already  described. 

Aqueous  Solution  of  Hydrocklorie  Acid  {Spirit  of  Salt), — This  is  a  very  useful  com- 
pound in  the  laboratory  and  the  manu&cturing  arts.  It  is  prepared  by  a  slight 
modification  of  the  process  employed  for  the  generation  of  hydrochloric  acid  gas— that 
is  to  say,  the  same  materials  are  employed,  with  the  addition  of  water.  A  portion  of 
the  water  should  be  mixed  with  the  oil  of  vitriol  and  common  salt,  another  portion 
being  poured  into  a  series  of  Woulfes  bottles,  and  the  whole  connected  as  repre- 
sented on  the  following  page. 

As  regards  the  quantity  of  water  to  be  employed  in  the  preceding  operation,  and 

its  disposition,  the  following  remarks  are  to  be  attended  to.    The  flask,  instead  of 

containing  concentrated  oil  of  vitriol  and  salt,  should  be  charged,  in  addition  to  the 

salt,  with  a  mixture  of  three  parts  oil  of  vitriol,  by  weight,  and  one  part  of  water. 

I   The  first  Woulfes  bottle  in  the  series  should  contain  just  enough  water  to  hold  in 
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solntioii  any  traces  of  calpliaiie  add  wMch  mty  come  oTer.  The  two  «uooee£ng 
Wbulfes  bottles  are  about  two-thirds  filled  with  witMv  and  their  function  is  evident. 
Their  aqueons  contents  become  gradually  charged  with  bvdrochloric  acid  gas,  and 
may^be  put  aside  £ot  use. 


Although  I  have  dcsofibed  the  process  for  coiiduotu^  tbt  manufeu^ture  of  spirit  of 
salt  on  the  small  scale,  yet  experianDM  <^BuafeB  but  addoia  makd  it.  The  coiupcniid 
is  prepared  more  economioally  on  tiif  large  aoale,  bsiag  eiipkPfed  in  many  industrial 
arts.  Nererthelesfl^  as  iraiit  Tessels  aotesr  into  the  appantus  te  iU  ttamfftofaire  oa  the 
laige  scale,  the  resuldxig  fluid  is  never  pore,  loBtead  o£  baring  a  light  straw-^okKir, 
as  the  pure  acid  should,  it  is  more  or  leas  yellow,  owing  to  f^e  pretenee  of  cldoiide  ^ 
iroa  and  free  chlorine.  In  udditiaa  to  ^ese  sousoes  of  mpurilty  it  als^  contains 
traces  of  sulphuric  and  sulphurous  acids,  fyt  which  r«H9on  its  purifieatioA  is  aneeessity 
before  emplojrment  in  conducting  any  delicate  <^eration.  The  method  of  purifying  it 
is  as  follows :— f*irst  determine  whether  free  chlorine  be  present  by  pooring  n  little  of 
the  suspected  acid  into  a  test  tube,  and  immeraing  a  fragment  of  gold-leaf;  if  the 
latter  dissolve,  the  acid  is  contnminated  by  free  dilorine ;  if  the  gold  remain  intact,  no 
free  chlodne  is  present  It  must  be  remembered,  however,  that  free  dilorine  ean  <mly 
eitist  in  solution  of  hydrochloric  acid  ¥ery  recently  prepared,  inasmuch  as  chlodne, 
when  brought  into  prolonged  contact  with  water,  decomposes  the  latter,  and  beoomeB 
converted  into  hydrochloric  acid.  If  sulphurous  acid  be  present,  it  shonM  be  converted 
into  sulphuric  acid,  by  the  addition  of  that  which  we  have  just  been  engaged  in  taking 
away — chlorine.  (Morine,  when  passed  through  an  aqueous  solution  containing 
sulphurous  acid,  speedily  converts  the  latter  into  sulphuric  itcad  by  the  decomposition 
of  water,  as  represented  by  the  accompanying  diagram : — 

Chlorine Hydrochloric  acid 

Sulphurous  acid     )  Sulphuric  acid 
We  next  have  to  deal  with  the  sulphuric  acid.    This  may  be  aepasated  by  a  very 
careful  distillation ;  but  a  better  plan  consists  in  adding  suficient  chloride  of  barium  - 
to  ef^ct  its  complete  precipitation.    The  impure  spirit  of  salt  having  been  treaAed  as 
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daaoiibed,  is  Ji«zt  to  be  subjected  to  dutHlation,  wJbien  pure  aqiieotts  solution  of 
hydrochloric  acid  alone  comes  oyer,  chloride  of  iron  and  sulphate  of  baryta  being  left 
behind.  Care  should  be  taken  to  conduct  the  distilUtoxy  process  very  gently,  and  to 
cease  before  the  residue  in  the  flask,  or  retort,  has  become  nearly  dry,  otherwise  a 
little  chloride  of  iron,  which  is  somewhat  volatile  at  high  temperatures,  might  come 
over,  and  contaminate  the  product. 

It  is  frequently  desirable  to  know  the  percentage  amount  of  real  hydrochloric  acid 
in  a  specimen  of  spirit  of  salt.  This  may  be  exactly  ascertained  by  learning  the 
quantity  of  marble  (carbonate  of  lime)  which  it  ean  dissolve.  The  results  of  a  series 
of  these  operations,  however,  have  been  tabulated ;  and  a  reference  to  the  table  in 
question  is  far  more  readily  accomplished  than  a  performance  of  the  operation :  for 
this  reason  I  append  a  tabulated  statement  of  this' kind. 


iloauor 

Atonaof 

Hftolaeidia 

SpevUie 

Acid. 

Water. 

leOoftheUqiud. 

gTBYity. 

6 

iO'659 

1-203 

7 

37*000 

1179 

8 

33-945 

1.162 

9 

31-346 

1149 

10 

29134 

1139 

11 

27-206 

11285 

12 

36-617 

11197 

13 

24-026 

iim 

14 

22-700 

1-1060 

15 

21-612 

1-1008 

16 

.        .        20-442 

10960 

17 

19-474 

10902 

18 

18-6*) 

1-0860 

19 

X7-7&0 

10820 

20 

17*061 

1-oroo 

Tetis  fir  JS^iroekhrie  Mid.^  shall  oonOBO  myself  to  «  disoussioa  of  the  tefst« of 
hydcoohloric  acid  in  aqueous  solutioiii  the  ohacacteristios  of  the  gas  having  been 
sufficiently  described  already.  Hy drated  or  aqueous  hydtoohloric  acid  (spirit  of  salt)  is 
a  liquid  manifestLng  the  peculiar  pungent  odour  of  the  gas.  It  is  devoid  of  bleaching 
propertied,  tad  thus  may  be  readily  distinguished  from  an  aqueous  solution  of  chlorine ; 
neither  will  it,  Uke  aqueous  solution  of  chlorinej  dissolve'  gold-leaf.  Kitrate  of  silver 
^rieldSy  when  brought  into  contact  with  it,  a  white  flocculent  precipitate  (chloiide  of 
IjUver),  not  soluble  in  nitric  acid,  but  reiadily  soluble  in  ammonia. 

Niir9-J^^oehi9r{cAeid{Aqmhr^ia),'^A  mixture  of  two  parts  by  measure  of  strong 
il^rit  of  salt  with  one  part  by  measure  of  strong  aqnofiortifi,  constitutes  a  liquid  to 
whieh  HxG  dasignaiioQ  aqua-rogia  has  been  applied,  owing  to  the  property  it  has  of 
dissolving  gold.  Aqua^egia^  nitro*muriatie,  or  nitro-hydrochloric  acid,  is  not  a 
chemical  compound.  Ko  combinalions  of  it  with  bases  are  known ;  but  the  results  of 
iietaLi  dlssohred  in  it  are  simply  ehlonde9.  The  solvent  agency  of  eqna^regia  depen/dbi 
wlely  upon  chlorine^  which  34  liberated  from  hydrochloric  acid  whenever  a  solntion  of 
l&e  latter  in  wnier  is  brought  into  contact  with  nitric  acid. 

Compotmds  tf  Chhrme  i§iU  <?jypwf.— There  are  five  well-known  compounds  of 
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chlorine  with  oxygen,  and  the  existence  of  others  is  suspected.    The  five  compounds 
are  as  follow : — 

1.  Hypochlorons  add  (euchlorine) 

2.  Chlorous  acid  (protoxide  of  chlorine) 

3.  Hypochloric  acid  (peroxide  of  chlorine) 

4.  Chloric  acid 
6.  Perchloric  acid 


ao 
C1.O3 
C1.O4 
C1.O5 


HYPOCHLOBOUS   ACID. 


Atomic  weight 
Atomic  size 


43 

U 


2-992 


Specific  gravity   ..... 

This  compound  was  discovered  hy  Sir  H.  Davy  in  1811.    He  gaVe  to  it  the  name 

of  euchlorine,  and  prepared  it  by  the  addition  of  hydrated  hydrochloric  acid  (spirit  of 

salt)  to  chlorate  of  potash.    It  is  impossible,  however,  to  generate  hypochlorons  acid 

pure  by  this  means.    The  method  of  obtaining  it  absolutely  pure  is  as  follows : — 

Chlorine  being  liberated  in  the  flask  A,  is  washed  in  the  Woulfes  bottle  B,  to  effect 

the    separation   of    hydro- 
chloric  or   sulphuric ,  add, 
and  is  then  passed  through 
fragments  of  chloride  of  cal- 
cium, contained  in  the  XT- 
tube  {e),  and  finally  through 
peroxide  of  mercury  in  the 
tube  a  bf  where  the  hypo- 
chlorous  acid  is  generated, 
and  passing  on  is  recdved 
in  a  U-tube,  maintained  cool 
'    by  a  mixture  of  ice  and  salt. 
In  order  to  avoid  complica- 
tion in  the  diagram,  one  important  particular  has  not  been  taken  cognizance  of:  the 
tube  a  b  should  be  maintained  cool  by  a  constant  stream  of  cold  water.    It  is  well, 
therefore,  to  surroimd  it  with  a  metallic  sheath  after  the  manner  of  the  Liebig 
distillatory  apparatus,  already  described  in  pages  303,  304. 

Properties. — Hypochlorons  acid  thus  prepared  is  an  orange-coloured  volatile  liquid, 
endowed  with  strong  bleaching  properties,  and  readily  decomposable  by  the  agency  of 
suffident  heat.  It  boils  at  a  temperature  of  about  36°  Fah.  under  the  ordinary 
atmospheric  pressure.  Water  dissolves  about  two  hundred  times  its  own  volume  of 
hypochlorons  acid,  the  colour  of  which  it  assumes,  as  also  its  bleaching  properties. 

Aqueous  Solution  of  Eypochlorom  Mid  and  its  Compounds, — If  a  current  of  chlorine 
be  transmitted  through  a  weak  solution  of  an  alkali  or  an  alkaline  earth,  products, 
some  of  which  are  known  in  commerce  as  chlorides  of  the  alkalies  or  alkaline  earths, 
result.  Thus  we  have  the  so-termed  chloride  of  soda  and  of  lime.  They  are  not 
chlorides,  however,  but  mixtures  respectivdy  of  a  chloride  with  a  hypochlorite— that 
is  to  say,  a  direct  union  of  chlorine  with  a  base  radical,  and  of  hypochlorons  add 
with  a  base.  Thus,  for  example,  in  the  case  of  potash,  through  which  a  cuzrent  of 
chlorine  has  been  transmitted,  the  decomposition  is  of  the  following  kind :~ 
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1  Pa^*.)!    i  1  Potaadmn 71  Chloride  of  potaadum 

^ 

NlHypodhtoroMwidj  i  Hypochlorite  of  pot«h 


1  Chlorine 
1  Chlorine 
1  PotMhr- 


Or  in  chemical  symbolic  notation  thns : — 

2K0  +  2C1  =  KO.CIO  +  KCl* 

These  alkaline  and  earthy  mixtures  of  chlorides  and  hypochlorites  constitute 
valuable  bleaching  compounds,  which  are  much  employed  in  various  arts.  Their 
bleaching  agent  is  hypochlorous  acid,  which,  however,  does  not  admit  of  being 
liberated  from  them  without  decomposition,  and  collected  separately.  Aqueous 
solution  of  hypochlorous  acid  may  be  procured  by  pouring  into  a  large  flask  containing 
chlorine,  a  misture  of  peroxide  of  mercury,  and  water,  rubbed  up  into  a  thin  paste. .  The 
chlorine  is  immediately  absorbed,  and  two  distinct  compounds  result— oxychloride  of 
mercury,  which  is  insoluble  in  water,  and  hypochlorous  acid,  which  is  soluble  in  that 
liquid ;  we  have,  therefore,  a  ready  means  of  obtaining  hypochlorous  acid  in  aqueous 
solution. 

ChhrouB  Aeid.'-Th»,  existence  of  this  acid  is  well  established ;  but  as  it  is  not 
applied  to  any  important  use  its  full  description  may  be  omitted. 

HYPOCHLO&IC  ACID. 

Sistory  and  Symmymes, — ^This  compound  was  discovered  by  Sir  H.  Davy  in  1815, 
and  very  shortly  after  by  Count  Stadion  of  Vienna.  It  was  originally  called  peroxide 
of  chlorine,  but  is  at  this  time  more  generally  termed  hypochloric  acid,  perhaps  some- 
what incorrectly,  inasmuch  as  its  claims  to  acidity  are  by,  no  means  well  established. 

Preparation,^!!  concentrated  oil  of  vitriol  be  added  to  a  few  fragments  of  chlorate 
of  potash,  decomposition  of  the  latter  ensues,  bisulphate  and  perohlorate  of  potash 
remaining,  and  hypochloric  acid,  which  is  gaseous  at  ordinary  temperatures  and  pressures, 
being  evolved.  It  i$  possible  to  effect  the  decomposition  in  a  small  retort  by  the  aid  of 
a  water  bath,  and  to  collect  the  hypochloric  acid  evolved ;  but  I  would  by  no  means 
recommend  the  operator  to  be  concerned  in  so  dangerous  an  experiment  Hypochloric 
acid  is  very  explosive,  and  its  explosion  is  attended  with  much  danger.  The  operator, 
therefore,  had  better  content  himself  with  decomposing  a  few  fragments  of  chlorate  of 
potash  in  a  test  tube,  by  the  addition  to  them  of  a  few  drops  of  strong  oil  of  vitriol. 
Hypochloric  acid  under  ordinary  atmospheric  pressures  and  temperatures  is  a  ruddy 
gas,  of  exceedingly  irritating  odour  and  explosive  character.  Subjected  to  the  cold 
produced  by  a  mixture  of  ice  and  common  salt,  it  liquefies  into  an  orange-ooloured  fluid, 
which  boils  at  about  36^  Fah. ;  and  at  a  temperature  considerably  short  of  212**  Fah. 
(the  boiling  point  of  water)  it  explodes. 

CHLORIC  ACID. 

ffittotjfy  Sytumymet,  and  Oen^ai  Semarks»—The  existence  of  this  acid  was  first 
indicated  by  Mr.  Chenevix ;  but  the  credit  of  isolating  it  and  obtaining  it  in  a  pure 
condition  is  due  to  M.  Gay  Lussac.  The  salts  which  it  forms  with  bases  are  termed 
chlorates,  but  formerly  hyper-oxy-muriates.  The  general  similarity  which  obtains 
between  chlorates,  nitrates,  iodates,  and  bromates,  has  already  been  adverted  to. 

iVfpara^tofi.— Chloric  acid  is  most  conveniently  prepared  from  chlorate  of  baryta. 
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from  which,  on  the  addition  of  aiiipJbAine  aoid,  aU  the  haryta.  may  be  separated  in  the 
condition  of  sulphate  of  haryta,  leaving  the  uncomhined  chkrie  acid  in  solution. 
Aqueous  solution  of  chloric  acid  may  be  concentrated  by  simple  heat  until  tbe  acid 
acquires  the  consistence  of  a  thin  syrup ;  if  the  heat  be  pushed  beyond  tkia  point 
decomposition  of  the  acid  ensues.  The  results  of  decomposition  are  chlorixM,  «^gen, 
and  perchloric  acid— that  is  to  say,  a  portion  of  the  oxygen,  iostoad  of  being  libemtedi 
combines  with  a  portion  of  chloric  aeid,  and  raises  it  to  the  higher  state  of  oxygenation. 
Perchloric  acid  will  be  described  hereafter. 

Prep^iee. — l^e  most  leading  pectdiarity  of  chloric  acid  and  the  chlorates  is 
dependent  on  the  facility  with  which  they  oTolve  oxygen.  In  this  tespeot  tile  analogy 
between  chloric,  nitric,  iodic,  and  bromic  acids— ehlorates,  nitraite6>  iodaitefy  and 
bromatea — is  perfect  If  pieces  of  paper  be  dip/ped  into  atrong  chloric  add,  and  dried, 
Utey  take  fire ;  if  mixed  with  alcohol,  the  latter  is  oonTerted  into  aeetlQ  a(^d :  if 
stdphurons  acid  be  tninamitted  through  it,  sulphuric  acid  is  generated,  and  eUozme 
evolyed.  The  most  important  salt  of  chlmic  acid  ia  chlorate  of  potash,  a  flubstanee 
which  haa  frequen%  come  under  out  nctiae  as  a  soorce  of  oxygen.  It  lemaine  sow  to 
state  the  process  by  which  cUbrates,  cMnbiiiations  of  chloric  add  witti  bases,  are 
formed  in  practice.  They  tnaif  be  formed  by  the  direct  addition  of  chloric  acid  to  the 
required  base ;  but  it  has  tdready  been  stated  &at  chloric  acid  is  obtamed  from  a 
chlorate :  hence  the  lattto  most  precede  the  fcnner  in  liie  routine  of  actual  pioduettooa. 

The  great  sources  of  chloric  acid  and  the  chlorates  are  strong  alkaline  solutions 
treated  with  chlorine ;  of  these,  a  strong  solution  of  potash  is  of  greatest  importance, 
and,  under  the  circ«nstanees  indicated,  the  decomposition  is  as  IbQovs ; — 

5  PotaA75"Oxygen  ^^1  Chloric  acid  }  *  <3hlowite  of  potash 

1 6  Potassium  V 


1  Chlorine .  . 

6  Chlorine ^0  Chloride  of  potassium 

Or  in  chemical  symbolic  notation  thus  : — 

6C1  +  6X0  =  5KC1  +  K0.C105, 
!From  a  study  of  which  it  will  be  seen  thai  when  six  equlTulents  of  chlorine  reset  on 
six  oquiralents  of  potadi,  the  results  are  one  equivalent  of  chlorate  of  potash  and  five 
of  chloride  of  potassium :  of  these  products,  the  chlorate  of  potash  crystelUzes  at  a  less 
degree  of  ooncentratiaa  than  the  latter,  and  thus  an  easy  means  is  fozniahad  «f 
separating  the  two. 

PEttCHLOmC  ACID. 

EUtory  and  Genttai  Bmark$. — ^This  oompound  of  chlorine  and  oxygen  waa  dis* 
covered  by  Count  Stadion  of  Yienna,  who  also  detennined  its  oomposilion  to  be  seven 
equivalents  of  oxygen  united  with  one  of  chlorine.  Perchloric  acid  is  not  only 
interesting  on  account  of  the  large  amount  of  oxygen  it  contains,  but  it  is  very  useful 
in  the  courseW  analysis,  as  furnishing  a  good  means  of  cfieoting  the  disoriaunAtlon 
and  separation  of  potosh.  This  is  aeoomplished  by  virtue  of  the  remarkably  insohibio 
sbU  (perdiloarate  of  potash)  which  zosults  fiom  the  comhinatioii  of  perchloric  add  with 
the  alkali  in  question. 

Prt^m^tofi.— By  distilling  perdhjotttte  of  potash  at  a  temperature  of  abo^t  28i^ 
Fah.)  and  mixed  with  half  its  weight  of  sulphxiric  aeid,  diluted  with  about  o»a>third  of 
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wftter.  Iliafl  tceated,  vldto  Tftpoon  axiie  fimm  tibe  Ktort ;  and  wlu&  cosdeoMd  ia  a 
noetver  fay  the  proper  appUeation  of  cdld,  they  jieU  a  soludim  of  perchloiie  aeid.. 
Perchloric  acid,  notwithstanding  the  large  amount  of  oxygen  it  contains,  is  not  eaaily 
decomposed.  It  may  be  concentrated  by  h^t^  lutil  it  acquires  a  density  of  1*65,  and 
by  mixture  with  strong  sulphuric  acid  and  distillation  it  may  be  even  obtained  in  the 
condition  of  a  aolid. 

Tei'chioraU  of  Fotash. — We  haye  already  seen  that  perchloric  acid  is  obtained  by 
distilling  perchlorate  of  potash  with  sulphuric  acid ;  in  reality,  therefore,  the  mano- 
£Eicture  of  perchlorate  of  potash  must  precede  that  of  perchloric  acid. 

Under  the  head  of  kypocMoric  acidy  otherwise  denominated  peroxide  of  chlorine,  the 
reader  has  been  isformed  that  when  sulphuric  acid  is  added  to  chlorate  of  potash, 
kypochloric  acid  is  eyolyed,  and  two  salts — ^perchlorate  of  potash  and  bisulphate  of 
potash— remain.  I  have  also  stated  (page  362)  that  perchlorate  of  potash  is  a  very 
insoluble  salfc;  it  follows,  therefore^  that  the  perchlorate  may  be  readily  separated 
from  the  bisulphate  by  the  process  of  washing ;  such,  indeed,  is  the  method  adopted. 
A  yery  natural  question  now  probably  suggests  itself  to  the  experimentalist : — ^If 
perchlDric  aoid  be  obtained  from  perchtarate  of  potash^  and  if  the  latter  be  a  collateral 
rasult  of  the  preparation  of  kppocMoric  aeid-^hoWf  consideriqg  the  Tiolently  explosive 
qualities  of  the  latter,  can  perchlorate  of  potash  be  generated  in  any  quantity  with 
safety  ?  The  best  method  of  proeeeding  is  as  follows :— Pour  the  necessary  quantity  of 
sulphuric  acid  into  a  flat  porcdaia  <£8h,  and  drop  i&  the  chlorate  of  potash^  finely 
pow^ened,  by  smafl  qaaatities  at  a  time,  having  previously  taken  the  precaution  of 
aiixisg  the  sieve  to  the  extcemif^  of  a  long  pole.  In  this  way  large  quantitiea  of 
peiichlorate  of  potash  may  be  xoade  without  danger. 

It  lis  also  possible  to  obtain  perchlorate  of  potash  in  another  manner;  but  the 
operation  requires  great  attention  to  seize  the  right  instant  at  which  to  withdraw  tlie 
source  of  heal  When  chlorate  of  potash  is  exposed  to  haat,  we  have  already  seen 
(page  283)  that  oxygen  gas  is  evolved,  and  chloride  of  potassium  is  left  behind. 
Kotwithstanding  this  final  result,  a  great  quantity  of  the  ohlorate  is  oonverted  inter- 
mediately into  the  parchl(H:ate  of  potash,  a  change  which  may  be  known  to  have 
happened  by  the  contents  of  the  distillatory  vessel  acquiiii^^  a  certain  pasty  consistency, 
a&d  the  cessation,  for  a  time,  of  the  delivery  of  oxygen.  If  the  source  of  heat  be 
remoyed  directly,  the  change  ia  question  is  noticed :  a  large  quantity  of  perchlorate  of 
potash  may  he  obtained  from  the  saline  contents  of  the  flask  or  retort  The  major 
portion  'oi  the  bisulphate  of  potash  admits  of  removal  by  a  small  quantity  of  hot 
water^  which  may  be  so  i^portioned  that  very  little  of  the  persulphate  of  potash  is 
acted  upon.  Final  purification  of  the  perchlorate  may  be  effected  by  dissolving  the 
whole  solid  remnant  in  a  sufficient  quantity  of  boiling  water,  and  allowing  the  solution 
to  cool.  During  the  cooling  process  the  perchlorate  of  potash  crystallizes,  on  accoimt 
of  its  insolubility,  and  the  bisulphate  remains  in  solution. 

Gombinations  of  Ghlozine  with  Sulphur.— The  union  of  chlorine  with 
sulphur  may  be  readily  accomplished,  giving  rise  to  several  chlorides ;  of  these,  two— 
the  protochloxide  and  the  dichloride— have  been  ee^eoia&y  otadied*    Their  respective 

cooipositibBa  are  as  follow : — 

CUorlne.     Sniphv. 
Protochloride  of  sulphur  ,        ,        .        .        1  1 

Bichloride  of  sulphur       .        ,        ,        .        .        1  2 

Both  these  are  generated  by  bringing  heated  sulphnr  into  contact  with  free  ohloiine. 
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If  chlorine  be  in  excess,  the  protochloride  results ;  if  sulphur,  the  result  is  the  dichloride. 
Kone  of  these  chlorides  of  sulphur  are  of  sufficient  importance  to  warrant  further 
description. 

CHLOBINB  WITH  NTIBOOEN. 

Only  one  combination  of  chlorine  with  nitrogen  is  known.  Its  composition  is  indi- 
cated by  the  formula  NGI3 ;  it  may,  therefore,  be  denominated  terchloride  of  nitrogen. 

History  and  General  Remarks, — ^Terchloride  of  nitrogen  was  discoyered  by  M. 
Dulong  in  1811,  and  possesses  interest  on  account  of  the  extreme  Tiolence  of  its  ex- 
plosive  properties.  In  point  of  fact,  it  is  the  most  dangerously  explosiye  compound 
known  to  chemists. 

Freparation, — ^Terchloride  of  nitrogen  is  generated  by  the  mutual  action  of  chlorine 
on  a  solution  of  ammoniacal  salt.  For  this  purpose,  a  solution  of  hydrochlorate  of 
ammonia  (chloride  of  ammonium,  or  sal-ammoniac)  is  generally  employed,  and  the 
safest  plan  of  generating  the  dangerous  componnd  is  as  follows : — 

Take  a  piece  of  sheet-lead,  about  fourteen  inches  square ;  bend  up  its  edges  so  as  to 
form  a  shallow  dish  capable  of  holding  about  a  quart  of  strong  solution  of  sal-ammo- 
niac, heated  to  about  60°  Fah.  Before  the  dish  is  used,  it  should  be  moistened  with 
strong  oil  of  yitriol,  and  made  hot  oyer  a  few  pieces  of  burning  charcoal ;  then  it 
should  be  well  washed  with  distilled  water,  but  not  wiped,  nor  should  it  be  touched 
internally  either  by  the  hand  or  any  other  body ;  finally  an  absolutely  clean  glass  jar, 
containing  chlorine  gas,  should  be  inyerted  in  the  leaden  dish  containing  the  solution 
of  ammoniacal  salt,  and  the  whole  allowed  to  stand  at  rest  until  the  formation  of  oily- 
looking  globules  are  obseryed.  These  globules  are  the  dangerous  terchloride  of 
nitrogen,  which  are  heayier  than  the  generating  solution,  and  will  consequently 
sink  down  on  the  leaden  plate,  where  they  had  better  be  allowed  to  remain.  Direc- 
tions are  giyen  in  some  books  for  effecting  their  remoyal  by  means  of  a  glass  syringe 
haying  a  narrow  beak.  The  operator  had  far  better  leaye  this  untried,  and  content 
himself  with  exploding  the  terchloride  in  the  leaden  dish  whilst  still  surrounded  with 
liquid.*  For  this  purpose,  he  remoyes  the  glass  receiyer  carefully,  places  the  dish  at  a 
respectful  distance  from  his  person,  and  touches  the  globules  of  terchloride  with  the 
oiled  extremity  of  a  long  stick.  Violent  explosion  is  the  result  of  this  treatment,  and 
the  leaden  dish,  if  not  broken,  will  be  considerably  twisted  and  distorted.  Terchloride  of 
nitrogen  immediately  explodes  on  being  brought  iato  contact  with  fixed  oils,  and  the 
general  run  of  substances  to  which  the  term  dirt  may  be  applied ;  hence  the  i^ecessity 
of  scrupulously  cleansing  the  glass  jar  used  in  its  preparation.  It  is  not  exploded,  how- 
eyer,  by  contact  with  oil  of  yitriol ;  and  since  hot  oil  of  yitriol  destroys  fixed  oils, 
the  rationale  of  our  lead-cleansing  operation  will  be  obyious. 

BBOMnns. 
Atomic  weight  .  .80 

Atomic  yolume  *  I 

History y  Etymology y  and  General  Remarks. — Bromine  was  discoyered  in  1826  by 
M.  Balard  in  sea-water  from  which  common  salt  had  been  deposited  by  eyaporation. 
It  is  yery  similar  in  properties  and  general  relations  to  chlorine ;  than  which,  howeyer, 
it  is  less  energetic,  and  consequentiy  may  be  displaced  from  its  combinations  by  that 
element.  Bromine,  under  or^nary  atmospheric  pressures  and  temperatures,  is  a  ruddy 
I   thick  liquid.    At  a  temperature  of  aboujt  53**  Fah.  it  boils,  and  when  cooled  down  to 
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—  68^  Fah.  it  freezes.     The  appellation  bromine  is  deriyed  from  Bp&fios,  graveokntia, 
because  of  its  strong  disagreeable  odour. 

Preparation. — It  has  be^n  already  mentioned  that  bromine  was  obtained  from  sea- 
water  from  which  common  salt  had  been  separated.  The  state  of  its  existence  in.this 
liquid  is  in  combination  with  sodium,  magnesium,  and  some  other  bodies,  constituting 
yarious  bromides.  From  these  bromides,  bromine  is .  immediately  obtained  by  an 
operation  precisely  similar  in  its  character  to  that  followed  in  the  preparation  of 
chlorine,  namely,  distillation  in  contact  with  peroxide  of  manganese  and  sulphuric 
acid. 

BROMINE  WITH  HYDEOOEN   (hYDEOBEOMICACID). 

Atomic  weight       .  .  .  .81 


Atomic  yolume 
Specific  grayity 


2-73 


General  JRemarks, — The  only  known  compound  of  bromine  and  hydrogen 
is  the  product  of  the  union  of  one  atom  of  each,  termed  hydrobromic  acid ;  it 
is  the  exact  analogue  of  hydrochloric  acid,  being,  like  this,  a  compound  of  one 
atom  of  each  constituent,  haying  the  same  atomic  yolume,  and  possessing  the  same 
general  relations. 

Preparation. — Ipasmuch  as  hydrobromic  acid  is  the  analogue  of  hydrochloric  acid, 
theory  suggests  that  the  same  general  scheme  of  treatment  should  suffice  for  the  gene- 
ration of  both ;  practically,  howeyer,  this  is  not  quite  the  case,  for  although  hydro- 
bromic acid  may  be  generated  by  heating  a  mixture  of  bromide  of  potassium  and  oil 
of  yitriol,  yet  the  result  is  neyer  pure,  being  contaminated  with  water  and  sulphurous 
acid,  as  is  illustrated  by  the  appended  diagram. 


Hydrobromic  acid  |  ^y^^^n  .' 


.\ 


Water 


Sulphurioacid  {  ^^^^^^ 
Or,  in  chemical  symbols,  thus — 

HBr  +  SO,  =  SOa  +  HO  +  Br. 

That  is  to  say,  no  sooner  is  the  bromide  of  potassium  decomposed,  and  its  hydrobromic 
acid  liberated,  than  a  portion  of  sulphuric  acid  stiU  continuing  to  react,  decomposes  a 
portion  of  the  hydrobromic  acid,  its  hydrogen  combining  with  oxygen  of  sulphuric  acid 
to  form  water,  and  its  bromine  being  set  free. 

Pure  hydrobromic  acid,  howeyer,  may  be  obtained  by  decomposing  bromide  of 
phosphorus  in  contact  with  a  little  water.  The  reaction  is  represented  in  the  sub- 
joined diagram :-— > 

Bromide  of  phosphorus   j  f  J^^ 7Hydroteoinio  acid 

^»*» {S^S^ 

Or  by  chemical  symbolic  notation  as  follows : — 


Phosphorous  acid 


PhBrg  +  3H0  =  PhOj  +  3HBr. 


Digiti 


zed  by  Google 


366  COMBINATIONS  OF  BBOlONB  WITH  OXYGEN. 


The  genonktioa  of  the  neoessfiry  hromide  o(f  fhotphoros  oad  tiie  proftnetion  of 
hjdrobromic    acid   are  usually  effected  by  otto 
operation^  as  ^Uoirs  :^- 

A  glass  tnhe  moderately  thin,  and  having  an 
internal  diameter  of  about  half  an  inch,  is  bent,  as 
represented  in  the  annexed  out.  To  one  extremity 
is  attached  a  plain  corlc,  to  the  other  a  perlbrated 
cork,  with  small  glass  tube  attached.  A  small  piece 
of  phosphorus  is  first  dropped  into  the  bend  ^,  and  some  fragments  of  gloss  moistened 
with  water  are  added  in  suficient  quantity  to  rise  some  distance  up  into  the  terminal 
leg  of  the  glass  tube.  Bromine  being  now  poured  into  the  bend  b,  the  cork  at  a  is 
replaced.  By  the  preceding  arrangement  we  obtain  a  distillatory  vessel  of  such  kind 
that  all  volatile  products  must  necessarily  permeate  the  moistened  glass  before  they 
can  escape.  If,  then,  heat  be  cautiously  applied  to  the  angle  by  bromine  wiU  be 
volatilized,  and  coming  iuto  contact  with  phosphorus,  %rill  be  immediately  converted 
into  bromide  of  phosphorus ;  but  no  sooner  is  the  bromide  of  phosphorus  generated 
than  passing  through  the  moistened  glass  it  is  decomposed,  as  represented  in  our 
preceding  diagram,  into  phosphorous  acid  and  hydrobromic  acid ;  of  tiiese  the  former  is 
at  once  dissolved  and  retained  by  the  aqueous  moisture,  allowing  the  hydrobromic  add 
to  make  its  escape.    It  may  either  be  collected  over  mercury  or  by  displacement. 

Proj?^^tw.— Hydrobromic  acid  is,  under  common  temperatures  and  pressmres,  a 
colourless  irritatwg  gas,  which  fumes  in  the  air  like  hydrochloric  acid  gas»  aad  for  the 
same  veason.  Chlorine  immediately  decomposes  it  with  the  formation  of  hydrochloric 
acid  and  the  Uberatio"h  of  bromine ;  but  if  an  excess  of  chlorine  be  employed,  it  unites 
with  the  liberated  bromine,  chloride  of  bromine  being  then  the  result. 

Combinations  of  Bxomine  with  Oxygen.— Whether  there  be  mote  than  one 
compound  of  oxygen  and  bromine  is  not  well  determined ;  but  the  only  compound  of 
these  elements  meriting  our  attention  is  the  bromic  acid. 

Preparation.^  ^lomic  acid  is  prepared  from  bromate  of  potash  by  a  precisely 
similar  treatment  to  that  employed  in  the  preparation  of  chloric  acid  from  chlorate  of 
potash,  and  the  latter  salt  is  generated  by  a  process  exactly  like  that  followed  in  the 
generation  of  chlorate  of  potash,  only  substituting  bromine  for  chlorine.  Br<Mnic  acid 
js  the  analogue,  both  as  regards  composition  and  chemical  properties,  to  the  nitric, 
chloric,  and  iodic  acids.  Like  these,  each  equivalent  or  atom  contains  five  equivalents 
or  atoms  of  oxygen ;  and  its  salts,  like  those  of  the  other  acids  in  tibis  group,  deflagrate 
when  l»'oaght  into  contact  with  red-hot  charooaL 


Atomic  weight 127*1 

Atomic  or  combining  volume  .        •        •      I 

Specific  gravity  of  solid  iodine  =      4 -95 

Specific  gravity  of  iodine  vapour  =    8-716 

History,  Etymology,  and  General  JRemarkt. — Iodine  was  discovered  in  the  year  1812, 
by  M.  Courtois,  a  saltpetre  manufacturer ;  but  M;  Gay  Lussac  and  Sir  H.  Davy  were 
the  first  to  study  its  properties  intimately,  and  to  refer  it  to  the  proper  place  in  th* 
list  of  chemical  bodies. 
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lodinei  at  ordi&ary  temperatures  ac&d  preasures,  is  a  daiic  eolourad  eoUd  of  metallic 
cjystaUine  aspect,  not  unlike  black-lead  in  generai  i^pearanoe.  It  foses  at  225°  Fah., 
and  boils  at  347^  Fah.  Its  vapour  posteaies  a  besatiful  vic^et  tint,  ftcmi  -w^hic^ 
characteristic  the  appellation  iodine  is  derived  flfi^ifs,  violet^-eotoure^.  The  genersQ 
similariij  of  iodine  to  chlorine  and  bromine^  lias  already  been  r»maiked  at  pages  48-60. 

JPreparatian. — Iodine  is  prepared  from  the  iodide  cf  sodium,  potassium,  or  magn^ 
sium,  in  like  manner  as  chlorine  is  prepared  from  corresponding  chlorides  of  the  same 
metals;  in  other  words,  by  subjecting  a  nuxtare  of  the  iodide  with  p«x}xide  of 
manganese  and  sulphuric  acid  to  distillatiofli.  Large  quantities  of  iodine  haye  been 
made  oomBennally  Ibr  many  years  p«8t :  the  source  of  the  iodides  subjected  to  decom* 
position  is  the  lixiviated  fluid  of  burnt  sea-weeds,  from  which  all  Hie  carbonate 
of  soda  has  been  extracted  by  evaporation.  Formerly,  a]J[  the  carbonate  of  soda 
(oomm<m  soda)  of  oommerce  was  obtained  eitiier  f»mi  the  lixiviated  ashes  of  the 
salsola  soda  (barilla  plant),  'or  from  the  lixiviated  ashes  of  sea- weeds ;  at  present, 
howoTsr,  it  is  more  eeonomicaUy  prepared  by  decomposition  of  sea-salt:  never- 
theless, sea-weeds  oontiirae  to  be  burned,  and  their  ashes  lixiviated  for  the  iodine 
which  they  yield. 

Properti0t,'-^hL  addition  to  the  properties  of  iodine  already  enumerated,  there  is  a 
Tery  important  ehemioal  characteristic  by  which  it  may  be  distinguished  from  all 
oilier  sahstcBoee :  it  colours  starch  blue.  The  test  is  very  delicate,  provided  the 
necessary  precautiotns  be  taken.  The  iodine  must  be  free—that  is  to  say,  it  must  not 
be  is  the  state  of  iodide,  iodate,  or  any  other  compound  form ;  and  the  solution 
containing  it  must  be  neither  hot  nor  alkaline.  Iodine  is  but  slightly  soluble  in  water, 
about  one  part  in  7,000  ;  nevertheless,  the  aqueous  solution  acquires  a  brown  tint,  and 
the  characteristic  smell  and  taste  of  iodine.  It  copiously  dissolves  in  an  aqueous 
solution  of  iodates  and  iodides,  also  in  alcohol  and  ether. 

IODINE  WtTH  HYDROGEN   (htDEIOMC  ACID), 

Atomio  weight 128*1 


Tolumc [ 


dc  gravity 4*443 

The  only  known  compound  of  iodine  with  hydrogen  is  hydriodic  acid,  the  ana- 
logue of  hydrobromic  and  hydrochloric  acids ;  consisting  of  one  atom  or  equivalent 
of  each  of  the  elements,  having  the  same  atomic  volume,  and  general  chemical 
relations. 

JPreparaiion. — ^Hydriodic,  like  hydrobromic  acid,  does  not  admit  of  prepawtion  by 
application  of  heat  to  a  mixture  of  iodide  of  potassium  and  sulphuric  acid :  because, 
under  these  circumstances,  the  generated  hydriodic  acid  is  immediately  decomposed, 
in  accordance  with  the  following  scheme,  expressed  by  a  diagram,  and  in  chemieaJ 
S}Tnbols :— 


(Water 
Sulphuric  acidjO^y^^^^; 

HI  +  SO3  ==  SOg.-!-  HO  +  J. 
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It  is  prepared  by  decomposing  iodide  of  potassium,  by  contact  with  a  small  quantity  of 
water,  in  a  small  tube  retort,  as  here  represented. 
Alternate  layers  of  broken  glass,  moistened  with 
water,  iodine,  and  phosphorus,  being  passed  into 
a  tube  of  this  kind,  and  heat  being  applied,  de- 
composition ensues ;  iodide  of  phosphorus  is  no 
sooner  formed,  than  meeting  with  water  it  decom- 
poses the  latter,  hydriodic  and  phosphorous  acid  ' 
resulting.  Of  these,  the  latter  remains  dissolved 
in  the  water,  whilst  hydriodic  acid  passes  over,  and  may  be  collected  over  mercury,  or 
by  displacement 

Properties, — Hydriodic  acid  as  thus  generated  in  a  pure  state  is  a  colourless  pun- 
gent gas,  readily  dissolyed  by  water,  and  decomposed  with  extreme  facility  by  chlorine, 
bromine,  and  even  by  the  prolonged  agency  of  atmospheric  air. 

Solution  of  Hydriodic  Aeid. — It  is  frequently  necessary  in  practice  to  prepare  an 
aqueous  solution  of  hydriodic  acid.  This  may  be  readily  accomplished  by  transmitting 
a  current  of  hydrosulphuric  acid  gas  through  iodine  held  in  suspension  by  w;ater.  The 
decomposition  is  very  simple :  the  hydrogen  of  the  hydrosulphuric  acid  combines  with 
iodine,  and  forms  hydriodic  acid,  which  is  immediately  dissolved  in  water,  sulphur 
being  simultaneously  deposited.  When  no  further  iodine  remains  uncombined,  the 
solution  must  be  filtered  to  effect  the  removal  of  sulphur  precipitated. 

Combinatloiui  of  Iodine  with  Ozygen. — Oxygen  and  iodine  are  known  to 
unite  in  three  proportions,  as  follow  :— 

(1)  Hypoiodic  acid  .  .  .       10^ 

(2)  Iodic  acid        .  .  10, 

(3)  Periodic  acid    .  .  .  .10? 

Iodic  Aeid. — ^The  various  operations  already  described  as  being  necessary  for  manu- 
facturing chloric  acid,  will  yield  iodic  acid  if  we  substitute  iodine  for  chlorine.  These 
operation  are — (1)  The  generation  of  iodate  of  potash ;  (2)  the  decomposition  of  iodate 
of  potash  by  chloride  of  barium,  and  the  formation  of  iodate  of  baryta ;  (3)  the  decom- 
position of  iodate  of  baryta  by  sulphuric  acid  cautiously  added.  These  operations  are 
of  interest,  as  tending  to  prove  a  general  similarity  of  relations  between  iodic  and 
.  chloric  acids ;  but  if  iodic  acid  in  considerable  quantities  be  required,  the  following 
more  eligible  process  should  be  adopted :— Weigh  out  equal  portions  of  iodine  and 
chlorate  of  potash ;  mix  them  in  a  flask  with  five  parts,  by  weight,  of  water,  to  which 
some  drops  of  nitric  acid  have  been  added.  On  the  application  of  heat  to  this  mixture, 
chlorine  is  disengaged,  and  the  iodine  is  converted  into  iodic  acid.  The  decomposition 
is  as  follows : — ^The  nitric  acid  begins  by  decomposing  a  proportionate  quantity  of 
chlorate  of  potash,  nitrate  of  potash  being  generated  and  chloric  acid  liberated ;  but  it 
is  no  sooner  liberated  than  in  its  turn  decomposed,  yielding  up  its  oxygen  to  a  portion 
of  iodine,  forming  iodic  acid,  and  liberating  chlorine.  The  iodic  acid  thus  generated, 
acts  like  the  nitric  acid  formerly  added,  decomposing  a  fresh  portion  of  chlorate ;  and 
thus  the  decomposition  of  chlorate  of  potash  proceeds  until  none  remains.  Finally,  the 
whole  of  the  potash  originally  contained  in  the  chlorate  is  converted  into  iodate  of  potash, 
which  may  be  crystallized  by  evaporation. 

Periodic  Aeid. — This  compound  being  of  inferior  interest  need  not  occupy  our 
attention. 
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IODINE  WITH  NITBOGEir. 

There  is  only  one  knovn  combination  of  iodine  and  nitrogen ;  it  is  the  inHodide^  and 
is,  therefore,  represented  by  the  formula  NI,. 

Preparation, — By  pouring  aqueous  solution  of  ammonia  (hartshorn,  or  liquor  ammo- 
nifle)  on  iodine,  allowing  the  mixture  to  stand  at  rest  for  about  two  hours,  then  filtering 
off  the  liquid,  and  collecting  the  solid  result,  which  is  the  teriodide,  on  several  pieces 
of  filtering-paper,  taking  care  that  no  one  portion  be  larger  than  the  dimensions  of  a 
small  pea.  This  latter  precaution  is  rendered  necessary  by  the  extraordinary  explosive 
quality  of  the  compound  in  question,  which  is  perhaps  the  most  readily  explosive  com- 
pound known  to  chemists,  although  ita  explosion  is  not  attended  with  much  danger. 

When  dry,  the  teriodide  of  nitrogen  cannot  be  touched  without  explosion.  Even 
the  soft  part  of  a  feather  suffices,  or  the  act  of  throwing  it  upon  the  surface  of  water. 

Combinations  of  Zodine,  witli  Snlphnx,  and  Chloxine.— There  are  pro- 
bably several  of  these  compounds ;  none  of  them  have  been  much  studied,  and  they 
are  all  of  inferior  importance. 

FLUORINE. 


Equivalent,  or  atomic  weight 
Equivalent,  or  atomic  volume 


=    18-9 


? 


General  Remarks.  —  The  somewhat  common  mineral,  termed  fluor  spar,  is  the 
result  of  a  binary  union  between  the  metal  calcium  and  the  non-metallic,  simple  body 
fluorine.  Of  fluorine  in  the  uncombined  state,  very  little  is  known,  in  consequence  of 
the  difficulty  of  providing  vessels  capable  of  retaining  it.  Not  only  does  it  dissolve 
glass  with  facility,  but  aU  the  known  metals ;  in  point  of  fact,  the  only  material  capable 
of  withstanding  its  solvent  agency  is  fluor  spar  (fluoride  of  calcium),  a  material  already 
80  fuUy  saturated  with  fluorine,  that  it  cannot  ajypropriate  more.  Accordii^ly,  it  may 
be  generated  by  acting  upon  fluoride  of  silver  by  means  of  chlorine,  in  a  vessel  of  fluor 
spar,  when  it  is  liberated  under,  the  condition  of  a  transparent  colourless  gas,  similar 
apparently,  in  its  general  relations  to  chlorine. 

COMPOUND  OF  FLUOBINB  WITH  HYDBOOBN— (hYDEOFLUOBIC  ACID). 

Equivalent  or  atomic  weight  =: 
Equivalent  or  atomic  volume  = 
Speciflc  gravity  of  liquid  acid 


106 


General  Eemarke^Fhiorme  and  hydrogen  are  only  known  to  unite  in  one  propor- 
tion, constituting  hydrofluoric  acid,  the  exact  analogue  of  hydrochloric,  hydrobromic, 
and  hydriodic  acids.  So  long  as  the  theory  of  Lavoisier,  which  assumed  that  the 
acidifying  principle  of  aU  acids  was  oxygen,  continued'  to  be  adopted,  the  compound 
under  consideration  was  denominated  ^Mortit;  aeid,  and  that  which  we  now  term  fluoride 
of  calcium  (fluor  or  Derbyshire  spar)  was  denominated./^^«  of  lime. 

Preparation. — Anhydrous  hydrofluoric  acid  must  be  prepared  in  vessels  of  lead  or 
platinum :  the  former  is  usually  employed  from  motives  of  economy.  When  liberated 
under  ordinary  atmospheric  temperatures  and  pressures,  hydrofluoric  acid  is  gaseous ; 
but  by  the  application  of  a  temperature  of  32°  Fah.  (melting  ice)  it  may  be  condensed 
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into  a  fluid.  It  frequently  happens  that  hydrofluoric  acid  in  the  gaseous  state  is 
required,  and  for  purposes  not  brrcM&g  the  coDeeHoii  of  the  gas.  When  this  is  the 
case  the  iMceasaxy  appamtos  id  rtofjn  mnt^y  nothng  mora  elaborata  than  a  dish  oS  lead 
or  platinum  being  requisite.  The  prepatatiQA  i»  tiiuff  oondasted.;/— Finely  pcwdec 
oom^^aar  sj^axv  thxow  it  into  tb»  kadtei.  or  idatiaim  diah }  poor  npoa  it  enoo^  of 
ODOiMirtrated  ofl  of  vifariol  to  fomta  thjia  yu^ stur  with  a  leaden  xo^  and  apply  beoU 
Gaseotu}  hydrofiuorio  add  wiKL  ^a  t3$ftlled.  lhi»  £9im  of  ^erstion  eaablea  tha 
ehemist  ta  engntve,  or  satber  etelv  upon  ^ass^  and  thus  t(^  lencUf  himself  iad^pesdeat 
of  Hm  phi]oiopItini:iastnune]it<4mdnv  Bi  tbi  f^duatiott  oi  hia  tabes  «ad  othes  glaaa 
instttimeiitB.  The  aperstku  of  etehingu^tt  gMsift  the  pre^ 
on  <k>ppttr  ot  steely  -vitJk  Iftie  eaDcepOiQBL  that  ]iy4zofluo9ie  acid  is,  u«ed  ioatead.  of  mttic, 
4iad  is  uffid  tetqasaAyf  bat  not  alwvya^  i&,  tiie  gaaeonff  conditioo.  The-  opeiratiiDii  is 
.  cosufieflced  by  aiwaiiagihe  glaw  nzfted  to  be  operated  upon  etveidy  with  a  resinoua 
contpoofid  hnoim  as  etthwg>»gfl»B>dy  or  ef^it  eotsatitm.  wax  wiU  do  foe  amail  ofei^itions 
UpCHi  this  suffiKie  of  ctofazng-ground  or  wax  the  hydrofluosic  acid  ezerta  but  Izttls 
action,  though  it  readily  corrodes  glass ;  if,  therefore,  the  reauioua  or  WKzy  coating  be 
removed,  the  nature  of  the  result  will  be  obTO)us.  The  advantage  of  gaseous  over 
liquid  hydrofluoric  acid  for  this  operation  is,  that  it  effects  an  opaque  corrosion, 
whereas  the  corroded  surface  produced  by  the  latter  is  more  transparent.  When  the 
piece  of  glass  to  be  etched  is  flat,  nothing  more  is  inquired  than  to-  rest  it  on  the  basin, 
the  surface  to  be  engraved  of  course  looking  downwards ;  but  if  the  glass  be  tubular, 
it  must  be  suspended  from  a  leaden  cover  by  means  of  a  wiie^  of  sinp  of  that  metal. 

Liquid  B^drttfluorie  Aeid^-Yot  the  preparatioa  o£  this  a  mnewfatt  more  complex 
appaitttus  is  neoeasory ;  a  leaden  letort  ttid  tnbidar  xeoeiveEy  as  lepresented  ia  tJaie 

seeompnyiag  disgiam*  The  letort  is  mftds  m 
two  halves,  of  widdt  dio  upfer  half  £ti  into  tike 
Iow«r  by  gvindiagv  nd  the  tube  raettver  is  eo»- 
SBcted  to*  the  beak  of  the  ntott  m  a  osHilsv 
manaer.  The  ea.tr«mlty  oi  the  tabi^bu?  xeceivtt 
is  perforated  with  a  little  hide  to  permit  the 
escape  of  the  atoospheriB  air  eontaioed  in  the 
retort,  and  any  small  amount  of  hydrofluoric 
aoid  which  may  escape  oondeDSBtica*  The  tubular 
form  of  receiver  is  convenient  for  AianK^^i^g  it  to  be  immersed  m  ice  or  snow,  or  still 
better,  a  mixture  of  pounded  ice  or  snow  and  common  salt. 

The  theory  of  the  decompoaition  is  precisely  analogous  to  that  involved  in  the 
preparation  of  hydrochloric  acid,  and  ia^  ooaaseque&tly,  as  follows: 

Fluoride  Qt  caldnm  C^^^orine -^Hydrofluoric  acid. 


(fluorspar)        |^^^^  / 

hi  of  vitriol   (pro-  1  '^awr  }  ^^^_-  °^     \ 
tohydrate  o£«x\A  ^  ^^^^^ ^lime) 


Oil  of  vitriol   (pro-  |  Water  (  ^ 
tohydrate  of^^l  J  ^  ^^^en  — 

phuricacid)           l«»^.       ►,  >•  Sulphate  of  lime. 

^  VSuTphunc  acid__ y 

Or  thus :—  CaFl  +  SO^  HO  =  CaOSO^  +  HFl. 

Operations  with  liquid  hydrofluoric  acid  should  be  Gondveted  with  great  oace,  as  ite 
action  is  most  energetic  on  animal  tissues,  the  smdlest  drop  allowed  to  fall  iipon  the 
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skin  causing  a  dangerous  bum,  accompanied  wil&  mrtfiiimg  pann  and  xnBoh;  infiain- 
mation. 

FHOSPSOBire. 

Equivalent  or  atomic  weight     .     .     .    = 
Specific  gravity  of  soKd  phoapBorus    .    ■=    1*77 
Specific  gravity  of  pRospIiorua  vatpour    =    4:32^ 

JOntfl^^  md  Smtmai  JK9i«r9.~¥koiq[>]iont»  was  d&ooTne^by*  Brandt,  a  Hlomburgli 
cbemist,  ia  Idbe  year  1*0^;  bat  I10  hepi  his  epcraftm  secivfe  Cundtel  re-£seoyered' 
it  fona  dm  aabaMfucntly ;  biirt  Crsdm  and  Se&eeler,  about  1709,  were  l^e  first  ta 
prodaia«ii  wt  large  funtitleaL  The  great  sterelMuae  of'  aSL  the  elementary  bodies  we 
ha^vehstteslo  dueorevad)  has  beem  Ae  mBBeral  kingdom;  bat  phosphorus  is  found  in 
^isA  diToaimiof  MdvoTery  sposiBgly,  Hie  great  soopce'of  Ha  preparatios  being  bones- 
and  aiamal  ftiida,  Pbeephorits  aaciy  be  <^M»nrecl  in  the  H^ree  physicftl  eenditions  of 
solid,,  liiimdy  and  ga»;  mofos^r,  its'  solid  fbm  is  su^ct^  t&  a  curious  aHotropie 
VftiiatiqFB,  ia  wii»&  i4»  plysieal,  anct  mariy  ef  its  ofdcBary-,  ch«m£c{d  qtmHties'  are 
greatly.  Biodliiled.  In  tidii  rai^eet  it  resembles  solphnr,  t35b&  allotrepic  modifi'caition  of 
whi^  has  aiseaiy  been  treated  of. 

frepunKHam-^-^hsmpykmaB  is  at  thjs'  tftne  prepared  in  krge  qnaaxtHies  lor  the  purpose 
of  maBofiictiiaittg  hwileir  maftc^ee ;  and  1^  seurce  ^m  which  it  is  obtamed  is  bones^ 
the  adid  poition  ef  wMch,  ivmaaDing  after  ti<te  ppofomged'  opetration  of  fire,  atmo&pherie 
air  being  finely  admitted  is,  ibr  1^  moet  part^  basie,  or  saperphoi^hate  of  Iim« — inr 
oihro  wonh^.  liBi#  eenbhied  witib  an  excess*  of  phosphoric  acid ;  the  other  solid  eon- 
atltnent  of  beoe  eanlQb  (the  term  giwB  to  eafeitacd  boiie6)^i»  carbonate  of  time. 

When  iMs  naztare  of  carbonates  and  s<aperpho^hale-of  lime  is  digested  with  oil  of 
vitriol,  decomposition  ensues ;  the  caibonate  of  lime  is  totally  decomposed^  sulphate^  of 
limftbciig  fbrmed,  asid  eaTbeaic  seid  expeSsd;  the  superphosphate-  of  lime  is,  how- 
eves,  BoidseoMpesed  enfiirely,  saiphfuic  aei^  only  combinmg'  with  one  portien  of  ita 
Ume ;  heaci^  instead  ef  the  sapeiptiosphate  being  ecmvevted  into  svlpherte,  the  ^al 
oesuili  of  iisdeeonpos^ii  i»  mUfpMoaphaU  ofUnw-An  oti!t6r  w<n^  tiaie  m  eombitiatioK 
witk  adiaonlahed  qaaotify  of  s«d^«ris  acid.  If  w«  hoew  the  exael  pro^rfiions  of 
si^shnnc  acid  aad  Mme,  we  mighC  al^  once  desiglulllie^  it  by  some  #efinife  ehemieal  term ; 
lnEt,aeei^  fhul  wv  do  mkj  1^  tenet  subphesphate  of  Btte  nmy  be  refiHzned  wi&  advantage. 
Of  the.  tiv»  cnattpoaasids  form«d>  fb&  superphosphate'  of  limeF  is  aUbne  soluble  is  water  ; 
it  may*  b«  separated,  therefore,  by  nere  deeanta/ftioB'.  7he  superphosphate  of  lime 
beiag-Bow  evarperated  ta  a  syrupy  eensiBtsBee,  powdered  ehareoal  \s  intimately  incor- 
poxated  wi&  i1^  and  the*  mass'  eempleteKy  dried;  it  is  next  pacibed  inio  esrihenware 
retoita^  aad  diatiBsd  by  fftrong  jfimiaee-heat,  wiiciv  pHoffphoTva  eomee  ever,  aend  must 
be  oaHeeted  wsNBev'  water. 

ife»reg*id»th*tifcee^ef  fteepwation,  it  is  as  lt)Itows  :■— The  Buperphoflpfca«e  of 
limey  OKI  being  espgeedte^  violent  heat  in  contact  with  ehareeel,  is  decomposed  into 
baaic^  «r  arabphesphate  ef  lime — ^whieh  ua^rgoes  no  tother  change— and  phosphorie 
acidv  whiflh  lafeter  the  o&arceal  deeemposes,.  abstractfelg  its'  oarygen,  and  Kberating 
I^uiBpiharus,  in  aecerdance  with  the  following  diagram : — 

(earbeif) 
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Or,  in  chemical  symbolic  notation,  thm — 

Ph05  -}-  60  =  Ph  +  500, 

The  phosphorus  thus  liberated  is  contaminated  with  many  impurities;  from  a 
considerable  portion  of  these  it  may  be  freed  by  straining,  under  hot  water,  through 
chamois  leather ;  but  its  complete  purity  can  only  be  insured  by  a  second  distillation. 

Properties. — Phosphorus,  in  its  ordinary  solid  condition,  is  a  substance  hairing  the 
consistence  of  wax,  almost  colourless,  and  somewhat  transparent  when  pure.  It 
readily,  however,  acquires  a  tawny  colour,  and  becomes  coated  with  a  fawn-coloured 
incrustation.  This  diange  is  partly  due  to  oxydation,  and  partly  to  the  assumption  of 
a  peculiar  molecular  condition;  for  the  fact  is  well  established  that  phosphorus,  if 
confined  in  yacuo,  be  exposed  to  light  for  sufficient  time,  it  will  become  more  or  less 
coloured.  Hence  bottles,  or  other  vessels  containing  it,  should  always  be  kept  in  a 
dark  place,  or  be  rendered  opaque  by  pasting  strips  of  paper,  or  other  opaqne  material, 
around  them.  •Phosphorus  melts  at  about  111''  Fah.,  boils  at  about  557%  and  takes  fire 
in  an  atmosphere  of  air  or  oxygen  at  about  140°  Fah:  Even  when  exposed  to  the  air  at 
ordinary  temperatures,  phosphorus  undergoes  a  kind  of  alow  combustion,  evolving 
fumes  which  are  luminous  in  the  dark.  Ouriously  enougih,  although  ignited  phos- 
phorus bums  in  oxygen  gas  with  great  vigour,  its  slow  combustion  when  enveloped 
in  that  medium  does  not  ensue  at  temperatures  less  than  eo**  or  70"  Fah.  Phosphorus, 
as  ordinarily  procured  by  the  process  already  indicated,  is  totally  amorphous,  or  devoid 
of  crystalline  structure ;  it  may  be  obtained  in  crystals,  nevertheless,  firom  certain 
solutions,  of  which  the  solution  of  phosphorus  in  bisulphuret  of  carbon  is  best.  When 
this  solution  slowly  evaporates,  phosphorus  is  deposited  in  the  form  of  rhombic 
dodecahedrons. 

The  AUotropie  Condition  of  Phosphorus, — ^ITnder  the  head  of  sulphur,  the  allotropic 
condition  of  that  body  produced  by  throwing  it,  when  fused  at  a  certain  temperature, 
into  cold  water,  has  been  mentioned.  If  absolutely  pure  phosphorus  be  treated  in  the 
same  way,  a  corresponding  allotropic  product  is  the  result ;  but  the  operation  is  so 
much  more  difficult  than  with  sulphur,  that,  practically,  the  method  in  question  is 
ineligible.  The  most  convenient  method  of  generating  allotropic  or  amorphous  phos- 
phorus, consists  in  exposing  common  phosphorus  to  a  long-continued  heat,  of  about 
450°  or  460°  Fah.,  in  a  retort  filled  with  some  gas  not  capable  of  supporting  combustion ; 
for  this  purpose  ordinary  coal  gas  answers  perfectiy  weU.  Thus  treated,  a  portion  of 
the  phosphorus  used  distils  over,  but  another  portion  is  converted  into  a  brick-red 
powder,  and  remains  in  the  retort ;  it  is  allotropic  or  amorphous  phosphorus,  contami- 
nated, however,  with  a  littie  ordinary  phosphorus,  from  which  it  may  be  separated  by 
the  solvent  agency  of  bisulphuret  of  carbon,  in  which  fluid  the  aUottopic  variety  of 
phosphorus  is  iasoluble.  Allotropic  phosphorus  is  generated  in  small  quantities  on 
'  sticks  of  ordinary  phosphorus  which  have  been  fi>r  some  time  exposed  to  the  air ; 
formerly,  the  result  was  mistaken  for  an  oxide  of  phosphorus :  there  is,  however,  no 
oxygen  in  its  composition.  Allotropic  phosphorus  differs  from  the  ordinary  mate- 
rial in  several  important  chemical  physiological  and  physical  appearances.  It  is  not 
soluble  in  sulphuret  of  carbon,  as  we  have  already  seen ;  neither  does  itfrue  under  a 
temperature  of  482°  Fah.,  whilst  ordinary  phosphorus  fiises  at  79''  Fah.  At  the  tem- 
perature of  500°  Fah.  it  re-passes  to  the  condition  of  ordinary  phosphorus.  Ordinary 
phosphorus  possesses  a  remarkable  odour,  whereas  the  aUotropio  variety  is  quite 
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inodorous.  Ordinary  phosphorus  shines  in  atmospheric  air  at  low  temperatures; 
but  allotropic  phosphorus  only  acquires  luminosity  at  the  temperature  of  392*^  Fah. 
and  upwards.  But  perhaps  the  most  remarbible  evidence  of  the  distinction 
between  allotropic  and  ordinary  phosphorus  is  of  a  physiological  kind.  Ordinary 
phosphorus  is  poisonous;  hence  the  process  of  manufacturing  those  varieties  of  lucifer 
matches  which  contain  it  is  very  dangerous.  Not  only  does  it  prove  detrimental  to 
the  system  when  swallowed,  but  when  its  vapour  is  absorbed  through  the  skin,  or 
taken  into  the  lungs.  The  characteristic  symptom  of  slow  poisoning  by  phosphorus  is 
necrosis,  or  destruction,  of  the  maxillary  bones.  People  who  suffer  from  carious  teeth 
are  particularly  liable  to  suffer  from  this  cause ;  and,  consequentiy,  in  the  French  and 
German  manufactories  of  lucifer  matches,  where  common  phosphorus  Is  used,  people 
with  unsound  teeth  are  not  allowed  to  be  engaged.  Allotropic  phosphorus  is  totally 
devoid  of  these  poisonous  qualities ;  it  seems  to  be  altogether  innocuous :  hence, 
abroad,  it  has  to  a  great  extent  supplanted  ordinary  phosphorus  in  the  manufacture  of 
lucifer  matches.  In  England,  we  do  not  seem  to  have  been  successful  to  an  equal 
degree ;  English  lucifer  matches,  for  the  most  part,  being  manufactured  with  ordinary 
phosphorus. 

CombinaUoiui  off  Phosphoras  with  Oxygen,— The  existence  of  four  com- 
pounds of  phosphorus  with  oxygen  is  well  established.    They  are  as  follow  :— 

(1)  Oxide  of  phosphorus  .  .  .  Exact  composition  unknown 

(2)  Phosphorous  acid  .  .  .  PQs 

(3)  Hypophosphorous  acid  .  .  .  PO3 

(4)  Phos^oric  acid     •  .  .  •  PO 

Of  these,  the  three  acid  combinations  demand  our  extended  notice,  and  more  especially 
phosphoric  acid. 

PHOSPHOBIC  ACID. 

Atomic  or  equivalent  weight  ...  72 
Whffli  phosphorus  is  burned  in  dry  atmospheric  air  or  oxygen  gas,  the  vessel  in 
which  combustion  takes  place  is  dimmed  with  a  white  snowy  powder,  which  collects 
about  its  sides;  this  white  compound  is  anhydrous  phosphoric  acid.  This  compound 
is  so  exoeedilLgly  attractive  of  water  that  it  combines  with  that  fluid  rapidly,  and  can 
never  again  be  freed  from  one  portion  (an  equivalent)  of  the  water  by  any  known 
process. 

Although  the  hydrates  (there  are  several)  of  phosphoric  acid  may  be  generated  by 
dissolving  the  anhydrous  acid  in  water,  and  subsequentiy  applying  heat  and  effecting 
evaporation  to  the  necessary  degree,  this  is  not  the  best  method  in  practice.  The 
hydrates  of  phosphoric  acid  can  be  generated  with  more  facility  by  boUing  phosphorus 
and  nitric  acid  together,  in  a  tubulated  retort,  into  the  tubulure  of  which  the  unde- 
composed  nitric  acid  is  returned  as  often  as  it  comes  over. 

The  operation  of  applying  heat  and  returning  the  xmdeoomposed  acid  which  comes 
over  should  be  repeated  until  the  whole  of  the  phosphorus  has  disappeared.  This 
point  having  been  reached,  the  application  of  heat  should  be  continued  until  the  liquid 
acquires  a  syrupy  consistence ;  when  this  change  has  ensued,  the  operation  cannot  be 
pushed  any  furtiier  in  a  glass  vessel ;  all  further  concentration  must  be  effected  in  a 
platinum  dish.  The  hydmte  of  phosphoric  acid  having  been  transferred  to  a  vessel  of 
this  kind  is  to  be  heated  to  fusion,  by  which  means  all  the  water,  save  one  equivalent, 
is  driven  off,  and  the  monohydrate  of  phosphoric  acid  results ;  it  contaiius  11 '2  per  cent. 
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c^  'w^dter^-thflt  is  to  say,  one  eq^valeitt  W«  lure  not  iutiaerto  hod  oeoasion  to  de»vt]ite 
ouich  attention  to  tlie  kydixctes  ^  acads;  but  tke  kydnites  of  ^kogqi^oric  aokL  inyolyd 
anexeeedingly  curioas  plulosc^hical  point  wbkh  will  refuire  notice  in  detail ;  eftch 
has  snxfiicient  pcrmase&ee  <of  oomposition  to  grre  tiie  to  a  speoifiiG  <clafiB  of  mlts. 
fidpimric  4md  nitric  -acidB  form,  «b  we  hvre  seen,  mtmf  -defiiufte  eombiiuKdoiiB  vriOi 
water^real  liydrates,  in  point  of  iaot ;  bat  -io  Itttk  4oeB  the  funoaiait  ^  -waiter  in 
combination  anear  the  pTimary  f  anction  of  the  «eids  m  quMtum,  titat^e  s-eso^  of  the 
combination  of  the  acid  of  these  hydmtes  with  basse  is  in  all  caaoB  the  same.  With 
&.e  hydrates  of  phosphoric  acid  tike  result  is  diflbBcat,  as  we  shall  fffesendy  49de.  The 
TCtreous  nmss  a*eBultini^  fsxian.  the  treRtmeast  of  pheephoruB  -wiih  nitric  ^d  is  «  mDno- 
ixydrate  of  pho^jhoric  acid,  as  i  have  already  .lemarked—thst  is  to  say,  it  is  a  com* 
pound  of  one  eqiilTnlent  of  phosphoric  and  ooe  of  water :  hence  its  ^eona^osition  admits 
of  being:  thus  indicated,  Phd,  +  HO.  If  this  hydcate  be  misled  with  a  weight  of  w«ter 
exactly  equal  to  the  qctflnt%  it  has  «iready,  a  <aeo€rad  definite  ^rystoliine  icompound, 
bihy drate  of  ^osphoric  add,  restdts ;  its  iformnla  is,  therofoxje,  TkO^  4-  '^HO.  ^Hndly , 
if  Iho  Titroons  moaohydriite  of  phosphorie  acid  be  ndxed  wf&  a  qnazitity  of  -whitest 
double  in  amount  to  that  which  it  already  contains,  a  crystallized  trihyidiiEte  of 
pboaphoEric  aoid  results,  bem^  indieBlied  Ipy  4he  fmaauSbtt,  &^  ^  -SiSd. 

Consequently  w«  have  demonstrated  ib&  ensteaoe  of  #Lsee  hydnttos^sf  ^liiosphonk 
acid.    They  are  as  foUow : — 

(1).  Monohydrate  of  phosphoric  acid    .  «     PHO,-J|-    HO 

(2).  Bihydrate  of  phosphoric  acid  .        .        .     PfljOj -f  2H0 

(3).  Trihydrate  of  phosphoric  acid        .         .        „•    PHOa  +  SHO 

It  is  most  accordant  witih  what  we  iaiow  «f  iibase  hfiSBOfesats  mfssd  the  water  as 
acting  the  part  of  a  base ;  hence,  instead  of  the  expression,  hydrate  of  pfacMphxine  «oid, 
we  might  say,  perhaps  with  more  pmpriSly-,  phm^kmte  of  watery  an  expression  which  is 
indeed  employed  by  some  chemists.  .  The  poseedimg  mw  is  BS»tiv  jnstified  that  the  water 
may  be  replaced,  wholly  or  in  part,  by  areooj^sifled  basic  substances.  Xhus^  thea:e«is  ithree 
welllcnown  phosphates^  soda.:  of  these,  the  mswaon  jpho^phate  ^frso^daflf  the-streps 
contains  for  each  es^uiyalent  twenty^y^  «guiyal»its  of  watec  Wben  ^  saktMkff^o^ 
heated,  twenty-iour  equiyaLents  of  watsr  readily  %  off ;  but  the  ii>emahaii|g  ai^uiyalent 
lin^fers  with  some  pertinacity,  thereby  shewing  ihat  it  is  in  a<dx&nant  state  «f  'OSdh 
bination  to  the  twenty-four  equiyalents;  by  increasing  the  heat,  however,  it  msjr^Uo 
be  ff^>elled,  leaying  an  anhjdxous  salt  cont&ioiag  two  eqtiiiyaifiBto  4if  ssda-tnid  lOne  of 
phosphoric  acid.  The  salt  thus  produced  is  denominated  the  hihc^ic  'woe^  of 
phosphoric  acid,  in  contradistinction  to  the  phosphoric  ^aoid  in  the  oxdinary  fihiMphate 
of  soda,  which  is  termed  the  tribasic  variety.  .A  oom|»arison  of  the  fanBnikp  indioa^vo 
of  these  substances  -wiil  ei^piain  the  nature  of  the  difi^ootian. 


Common  or  tribasic  phosphate  <of  >  Soda.        Watec.       Phospharjc  said, 

soda,   containing  common    ot>  2      -}-       1      ^          J. 
tribasic  phosphoric  acid            j 

Bitnsic  ^trsphafte  of  Tjoife  con-^  floflii        Water.       "Riospliortt  mJifl. 

taining     hSbiuio     phosphorite  [■  1     -f       0       <|-          1 
acid                                           ) 
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Thus  vieitftTB  okeftdy  two  p]i0sph«toB  of  soda,  corresponding  respectively  with  two 
of  the  three  hydrates  of  phosphoiac  lauL  There  is  aUo  a  third,  or  monobasic  phos- 
phate of  soda.    It  is  composed  as  follows : — 

Base. 

Monobasic  phosphate  of  soda   )     Soda.         Water*         Phosphoric  acid. 

ptioEicafiid.  ) 

And,  of  course,  corresponds  with  the  monohydrate  of  phosphonc  acid  already 
treated  of.  Fre9[uently  other  appellations  than  those  already  mentioned  are  given  to 
the  three  varieties  of  phosphoric  acid.  Ordinary  or  tribasic  phosphoric  acid  is 
simply  termed  phosphoric  acid;  the  bibasic  variety  is  called  pyrophosphoric  aoid;  and 
the  monobasic  variety  metaphosphoric  acid.  These  acids,  whether  existing  as  hydrates, 
or  in  the  condition  of  soluble  salts,  may  be  readily  discriminated  by  their  effects  on 
soluble  silver  salts ;  the  common,  or  tribasic  variety  of  phosphoric  acid,  yields,  with  a 
soluble  salt  of  silver — ^the  nitrate,  for  instaiio»*-*a  yellow  |recipitate<;  the  bibasic  modi- 
fication (pyrophosphoric  acid),  a  white  precipitate ;  the  monobasic  modification  (meta- 
phosphoric acid),  a  precipitate  not  only  white  but  gelatinous.  Solutions  of  mataphos- 
phoric  acid  also  hav£  the  property  of  coagulating  albumen^,  whepeaa  lie  others  "have  not. 

"E^uiv^entj  or  atomic  weight        .  .        56 

^Smentl  Bmicrf^**— ^h«&  pkoephoms  ia  tonwd  in  oxjngm  .gas  jor  atBsoipheric  rair 
at  ordinary  pressures,  phosphoric  acid  is  the  sole  result,  aBire.hivefl}f9ady  dfltomuBed* 
"VFy  however,  a  pieee  d£  lighted  phospihonis  be  pUoed  iuA  aBnrfi^diflkniiuiBrtiie  sfioeiver 
fH'BLXL'tas^pamp,  lOid  putiai'e^MiHstion  ^»  flfiiieted,  plMqdtiffMtssiaidiatlurnBBiilik.  Thie 
"process  is  ^fioineeirvemeirt,  tlnlt  4t<cfttiatC  ke  ^Mostod  to  ^he&  ibvga  qpunitiiies  of  phosr 
phorous  acid  are  required ;  but  it  is  uuggflUliiMu  of  ^tfaeiMaBW  to  bemdfipted  far  jn^nAnmn^ 
this  substance. 

I^eparution.^{l),  If  phosx^ton»  aotaiffly  igalbod  generate  phosphoric  acid,  when 
surrounded  by  attenuated  air,  it  dfim  .aot  jwc»  .unseasonable  to  anticipate  that  phos* 
phorus  not  actually  ignited,  but  undergoing  its  usual  change  of  slow  combustion  whei^ 
surrounded  with  air  of  ordinary  density,  should  afao  genenrte  lihe  same  substance. 
Accordingly  wo  find  thaffc  large  qnantfties  of  phospftKirons  acidttaj'be'generaM'by 
partiatDy  immersing  sticks  of  phosphorus  in  a  vessel  of  water,  and  blowing  *»e  aeoesg 
of  air.  Under  these  circamstances  phosphorous  acid  is  formed,  and  ^rapidly  ^dissolving 
in  the  water,  gives  nsd  to  a  sour  solution  of  hydrated  phosphorous  aeid.  Kevetflieless^ 
the  phosphorous  acid  thus  generated  is  not  pure ;  it  is  contaminttted  with  some  phos- 
'phorlc  acid,  'into  which  ^liosphorous  acid  eventualHy  ducnges  when  exposed  im  eontact 
with  water  to  atmospherie  influences.  For  many  pnrposos  in  the  atfe  and  sianu- 
Tactures  the  presence  of  tills  admixed  phosphoric  acid  is -of  no  oemeqiieiiee.  This  isthe 
case  with  the  anastatic  process  of  copying  letter^p©  and  -engravings.  I^  however, 
phosphorous  acid  be  required  pure,  another  methndtsf-preparafionnnistfc'be^do^d, 
which  is  as  follows : — 

•({).  When  prtftoeMeride  '«f  ^flMfl^AeoniB,  fPiiOls,  teiiid«d4o  mt/bK,  Mbami  ^seom- 
-posiison  ensues,  xesiiltiBg  in  Idie  fennation  of  fhotffeeiSHBB  and  hff^aoMomc  adds,  as 
represented  by  the  accompanying  diagram. 
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1  Protochloride  of  phosphorus {  J  Chlo^e™~7^  Phosphorous  acid. 

^^^'^ •  ISH^^n! -^3  Hydrochloric  acid. 

The  liquid  holding  these  two  acids  in  solution  being  concentrated  to  the  density  of 
a  syrup,  all  the  hydrochloric  acid  is  evolved,  and  only  the  phosphorous  acid,  dissolved 
in  water,  remains.  By  the  mere  application  of  heat,  the  solution  of  phosphorous  acid 
does  not  admit  of  being  further  concentrated;  but  if  the  solution  be  placed  over  a 
dish  of  oil  of  vitriol,  in  the  receiver  of  an  air-pump,  and  the  air  exhausted,  a  further 
amount  of  water  may  be  removed,  and  phosphorous  acid  obtained  as  a  crystalline 
hydrate,  having  the  composition  of  PhOg  +  3H0. 

HTFOFH06PHOBOUS  ACID. 

Atomic  or  equivalent  weight       ....       40 

Preparation, — When  phosphorus  is  boiled  with  solutions  of  the  fixed  alkalies  or 
alkaline  earths,  a  hypophosphite  of  the  oxide  of  the  alkali  or  alkaline  earth  results. 
If  baryta  be  the  alkaline  earth  employed,  a  ready  means  of  obtaining  hypophosphite 
of  baryta  is  suggested  by  cautiously  adding  the  amount  of  sulphuric  acid  necessaiy  to 
throw  down  the  whole  of  the  baryta.  This  operation  furnishes  a  weak  aqueous 
solution  of  hypophosphoric  acid,  which  may  be  concentrated  by  heat  up  to  a  certain 
point  without  the  occurrence  of  decomposition,  but  which  does  not  admit  of  yielding 
the  aoid  in  a  crystalline  form. 

The  leading  characteriatic  of  hypophosphoric  acid  i»  its  tendency  to  unite  with 
oxygen ;  thus,  when  brought  into  contact  with  the  oxides  of  mercury,  copper,  and 
some  other  metals,  oxygen  is  removed,  the  metal  is  reduced,  and  the  hypophosphorous 
acid  is  rused  to  the  condition  of  phosphoric  acid. 

OXIDE  OF  PHOfiPHOmrS. 

Chmpositum  uncertain. 

For  a  long  time  the  opinion  was  entertained  that  the  red  powder  which  forms 
during  the  combustion  of  phosphorus  in  oxygen  or  atmospheric  air  was  a  true  oxide  of 
phosphorus ;  but  we  have  already  seen  that  the  compound  in  question  is  chiefly  com- 
posed of  phosphorus  in  its  second,  or  amorphous,  or  allotropic  condition.  Neverthe- 
less, a  portion  of  oxide  of  phosphorus  is  actually  present ;  but  it  may  be  prepared  more 
pure,  and  in  larger  quantities,  by  the  following  method : — 

Preparation, — Into  a  test-glass,  containing  a  stick  of  phosphorus,  pour  hot  water, 
by  whi(^  treatment  the  phosphorus  melts.  Now  transmit  through  Ihe  fused  phos- 
phorus a  current  of  oxygen  gas.  Combustion  ensues,  and  the  water  becomes  pervaded 
with  red  particles.  This  red  material  is  a  mixture  of  oxide  of  phosphorus  with 
unoombined  phosphorus ;  and  the  latter  being  separated  by  sulphuret  of  carbon,  oxide 
of  phosphorus  remains. 

Comblaiatioiui  of  Phoftphoras  with  Hydirogen.— Chemists  are  acquainted  > 
with  three  compounds  of  phosphorus  and  hydrogen.    The  first  is  a  gas,  the  second  a 
liquid,  and  the  third  a  solid. 
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GASEOUS  PHOSPHUBISrrBD  HTDROOEN. 

Phosphoras.       Hydrogen. 
Composition   .        .       •        •        1        +        ^ 
Equiyalent  or  atomic  weight     •        .        35 
Equiyalent  or  atomic  volume    . 


Specific  gravity  ....     1*185 

When  phosphorus  is  heated  in  a  retort  completely  filled,  both  body  and  neck, 
with  aqueous  solution  of  potash  (liquor  potassse),  the  beak  of  the  retort  being  plunged 
underneath  the  surface  of  liquor  potass®  contained  in  a  small  pneumatic  trough,  the 
operation  soon  determines  the  escape  of  gaseous  bubbles,  which  take  fire  spontaneously 
in  the  air.  A  similar  phenomenon  is  also  observecl  when  lumps  of  phosphuret  of  lime 
are  projected  into  water,  or  when  hydrated  phosphorous  acid  is  decomposed  by  heat. 

The  inflammable  bubbles  under  consideration  are  mainly  composed  of  gaseous 
phosphuret  of  hydrogen  (phosphuretted  hydrogen),  but  they  also  contain  variable 
amounts  of  liquid  phosphuretted  hydrogen,  to  the  presence  of  which  their  quality  of 
spontaneous  inflammability  at  temperatures  below  212'*  Fah.  is  due.  By  passing  the 
spontaneously  inflammable  gas  through  a  U-tube,  surrounded  by  a  mixture  of  snow  or 
pounded  ice  and  salt,  the  liquid  compoimd  condenses,  and  the  gaseous  combination  is 
transmitted  pure.  The  liquid  phosphuret  of  hydrogen  is  exceedingly  prone  to  decom- 
position. It  can  only  be  retained  unchanged  at  a  low  temperature,  and  in  a  dark 
place.  Under  the  influence  of  light  it  decomposes,  gaseous  phosphuretted  hydrogen 
being  generated,  and  the  third  or  solid  phosphuret  of  hydrogen  indicated  above. 

The  generation  of  phosphuretted  hydrogen  by  the  mutual  decomposition  of  potash 
solution  and  phosphorus,  is  ezpl^ned  by  the  following  diagram  :^ 

Water  -f  ^7^°^®^ — 7  Phosphuretted  hydrogen 
I  Oxygens 


Phosphorus    i 
Potash_ 


Phosphorus. 
Phosphorus 


Hypophosphorousacid^  Hypophosphite 
^     of  potai 


When  produced  by  the  decomposition  of  hydrated  phosphorous  acid  by  heat,  the 
decomposition  is  as  follows  : — 


4  Hydrated 
phosphorous-] 
acid       I 


r4  Anhydrous 
I    phosphorous 


acid 
12  Water 


1  Phosphorus 
3  Phosphorus 
12  Oxygen 
3  Hydrogen 
9  Hydrogen 
3  Oxygen 
9  Oxygen 


1  Phosphuretted 
hydrogen 


3  Phosphoric 

acid 
9  Water 


)  Hydrated 
phosf»horic 
)      acid 


PHOflPHOBUB  WITH  MnsoOEN. 

There  is  a  compound  of  phosphorus  with  nitrogen,  having  the  composition  of  N2P. 
It  is  a  white  solid  body,  characterised  by  much  stability,  neither  being  decomposed  at 
a  red  heat,  nor  acted  upon  by  acids  or  alkalies.  Such  an  amount  of  stability  is 
remarkable  for  a  nitrogen  compound,  most  of  which  are  characterised  by  facility  of 
decomposition. 


Digiti 


zed  by  Google 


378  PROpramoBS  or  nscHUXUiMi  of  ggospgoBUs. 

PBMFHO&Ug  WITH  AUUPHUS. 

When  phosplioms  is  broo^  into  contact  with  sulphur,  and  both  gently  heated, 
combination  readily  ensues.  Several  phosphurets.of  ««ll|p]uur  may,  in  this  way,  be 
generated  by  varying  the  quantities  of  the  two  substances.  Chemists  are  not  agreed 
as  to  the  number  tjr  ihe  composition  of  these  phosphurets  of  sulphur.  Their  most 
remarkable  quality  is  that  of  extreme  inflammability ;  more  iso  than  pure  phosphorus. 
Before  the  introduction  of  lucifer  matches,  bottlo^  ooixbaanutg  a  mixture  of  these 
phosphurets  of  sulphur,  were  employed  as  a  means  of  obtaining  a  fire  extempora* 
neoosly. 

PHOSPHORUS   WITH   CHLOEINE. 

There  are  two  3mown  compounds  of  phosphorus  with  chlorine,  corresponding 
respectively  with  phosphorous  and  phosphoric  acids.  They  ai*e  denominated  protochlo- 
ride  and  pearchloride  of  phosphorus  respectively,  and  tbeii-  composition  is  indicated  by 
the  following  formula  : — 

Protochlonde  of  phofijohorus  .  .    Ph  GJ^ 

Pevchloride  of  phosphorus     .  .    Ph  C^ 

PROTOCHLORIDE  OP  PHOSPHORt'S.  • 

Atomic  or  equivalent  weight      =       67 
Akimiic  or  <eq<itf7Al«nt  voliiBfte     z:    ij      i      . 

Specific    gravity    of  Tapour        =    4*744 
^ecific  gravity  in  liquid  state    ==    Vt5 

jPreparation, — (1).  By  transmitting  a  current  of  dry  ohlorine  over  the  suifase  of 
phosphorus  contained  in  a  £mall  tubulated  glass  retort  communieatii)g  witii  a  receiver. 
The  retort  must  be  maintained  hot  during  the  oj)eration,  almost  to  the  boiling  point  ot 
phosphorus,  and  the  receiver  carefully  cooled  by  a  stream  of  water,  or  by  immersion  in 
ice.  It  is  an  essential  condition  to  the  success  of  this  process  that  the  phosphorus  be 
always  in  excess  over  the  chlorine ;  hence  the  traaismisaion  of  gas  must  be  stopped 
before  the  whole  of  the  pliosphoTus  ha&  been  appsflfoiited,  ather^eperdiloride  of 
phosphorus  w31  also  result, 

(2}.  By  transmittii^  £he  vapour  of  phosphorus  over^fragments  of  calomel  in  .a  glass 
tube  strongly  heated. 

Properties, — ^A  limpid  fluid,  which  boils  at  172°  Fah.,  possesses  a  density  of  1*45^ 
and,  when  thrown  mte  water,  yields  a  s(dutk0n  of  hydroclAaBie  aoid  ]^^sphorous  acids, 
Hence  is  furnished  a  ready  means  .c(f  generating  jihospStoroiis  acid  in  a  jstate  of 
purity  (page  375). 

PEBCHLORIBE  OF  KBQHPSOBUS. 

Preparation. — ^By  IraiMHuitting  chlorine  through  tlie  protochloride. 

Properties. — A  white  crystalline  body  easily  volatilized,  and  furnishing,  when 
brought  into  contact  with  wjontec,  jboi  »qB«ovs  4B»xto0  of  hydrochloric  and  phosphorie 
aeids.    Th^  dBCjOPipaiitiop  may  be  thns  xe^reaented  i — 


'«  HjMfamiybBenM 


1  Perchlorideof  pho^hQrus|i  aesphoniBv. 

^mtcr i??^*'^''-'^i  pv,      V    •       'A 

{6  Oxygen XI  Phosphoncjwid 
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Or  in  chemical  symbols  thus  : — 

PHCI5  4  oHO  =  PhO^  +  5HCL 


BOBmr. 


=     10-9 


~  'Eqmv.aleiit  or  atomic  weight 

History  afid  Natural  History. — ^Boron  was  discovered  by  Sir  Humphry  Davy.  It 
never  exists  in  nature  uncombined,  "but  is  found  in  combination  with  oxygen  as  native 
boracic  acid,  or  united  with  soda,  constituting  €he  salt  known  as  biborate  of  soda,  or 
borax.  Native  boracic  acid  is  found  in  the  water  of  certain  volcanic  regions  in  Tus- 
cany. I^'ative  "biborate  of  soda  is  obtained  from  certain  j)arts  of  TMbet  and  India.  It 
is  known  in  commerce  by  the  name  of  tincal. 

Preparation. — (1).  By  heating  powdered  fused  boracic  acid  in  a  glass  tube  with  a 
fragment  of  potassium,  apart  of  the  boracic  acid  is  thereby  decomposed— -potasli  being 
formed  and  "boron  liberated.  The  undecomposed  portion  of  boracic  acid,  "by  combination 
with  potash,  yields  bonftfee  •of  fotwh.  As  a  reault  of  this  <ta}eatment  we  have,  therefore, 
a  mixture  of  borate  of  potash  and  boron ;  bj  treatment  with  water  the  former  is  washed 
away,  and  the  latter  obtained  pure. 

(2).  By  heating  in  an  iron^fessel  the  doable  ^iiMiae  «f  boron  and  potassium  with 
metallic  potassium,  and  digesting  the  residue  with  gaU  »ater,  which  dissolves  aU 
except  the  boron. 

Prop«'*M8,— Boron  is  ti  greenish  powder,  devoid  of  lustre.  When  iiewted  m  the  air 
%  Teadily  tdtes  fire,  nbsoiTbs  oxygen,  und  l)ecome8  converted  into  "boracic  acid. 

SOBON  "WITBl  CnCTOEK  (sOlLkCIC  AOH)). 

EquiTOtlent  or  atomic  weight      .  34'9 

Boracic  acid  is  the  only  known  compound  of  boron  And  oxygen.  It  contains  one 
equivalent  of  boron  united  with  three  of  oxygen :  hence  its  formula  is  BO3. 

Preptrnawn.-^{\!) .  ISientftivB  boracic  atnd  of  Tiarciniy  is  found  assocnrtBd  with 
tnacBty  impnsitaes,  "from,  iv^dch  it  may  be  sepancte^  by  sohrtion  and  re-cryflttHaafltoon ; 
hepce,  'tloB  process  fenushes  us  "with,  one  mcfthod  of  obtaining  boracic  aeid. 

{^.  By  the^flecompoBition  of  biborate  of  soda  (boraa^.  A  soStttiorn  t)f  tlHSflaltin  crater 
zsreacBly  decomposed  ^bysnliftniric  or  hySrodiloric  acid,  am  alka]ine«nlpha!te,  cw-ohclorMe, 
being  formed,  and  boracic  acid  deported.  In  ^flier  tsase  the  sdltrtion  of  Ijorax  dwuld 
be  hot  and  concentrated ;  rfbotit  t)ne  part  by  weight  of  borax  to  two  and  a  half  of -wafter 
constitates  a  good  -proportion.  As  "Ae  solution  cools  the  acid  tnTistal&zes  tnt  «&  H 
hydrate,  and  may  be  separated  almost  pure  ;  if  required  comptetely  ^rare,  fhey  mmst 
be  re-dissolvedin  water,  and  re-crystallized. 

Properties. — Boracic  acid,  as  crystallized  from  aqueous  solutions,  is  a  hydrate,  each 
equivalent  containing  three  -eqoivaleBts  of  waiter,  or  43<6per  cent.  "When  strongly 
keaied,  the  whole  of  1^  water  is  evolved,  and  the  asnhydrosB  acid  fuses  into  a  sort  of 
glae^  wiuehhas  the  frqpeity  of  dissolving  and  rendectng  .fosihle  the  jgoeater  nunber 
of  metallic  oxides^  «ach  of  which  tinges  the  glass  with  its  own  charaoteidstic  £idour. 
The  moreasad  degree  of  fusibility  oonfersed  on  metaUiD  bodies  by  boracic  acid  and 
borax,  is  frequenti^  ta^en  advantage  of  ia  the.ar.ts>aBd  maBufactures,  and  the  oensidera- 
lasm  of  ibis  ^pcepert^  lendsEs  intftHigihte  the  {gaienc  eq^easisBQij^Mi;,  .&6^ueii%  applied 
to^aEaxandaoiBe  other  bocUea. 
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BOBON  WITH  CHLOBnnS  (CHLOKIBE  OF  BOBON). 

Equiyalent  or  atomic  weight  .  .=  115*9 

Equiyalent  or  atomic  volume .  .    s=:  I       J 

Specific  gravity  .  .  .    =  4*036 

There  is  only  one  known  combination  of  chlorine  and  boron ;  it  is  the  terchloride, 
being  represented  by  the  symbol  BoCls,  and  therefore  corresponds  with  boracic  acid. 

Preparation. — (1).  By  heating  boron  in  an  atmosphere  of  chlorine.  (2).  By  ex- 
posing to  heat  in  a  porcelain  tube  a  mixture  of  boracic  acid  with  charcoal,  and  transmit- 
ting through  the  materials  a  current  of  dry  chlorine  gas. 

Properties, — ^A  colourless  gas  at  ordinary  temperatures  and  pressures,  which  fumes 
when  allowed  to  escape  into  the  atmosphere,  owing  to  the  decomposing  agency  of 
aqueous  moisture,  hydrochloric  and  boric  acid  being  simultaneously  generated. 

BOBON  WITH  FLUOBINB  (FLUOBIOB  OF  BOBOK). 

Equivalent  or  atomic  weight  =67*5 
Equivalent  or  atomic  volume  =: 


Specific  gravity  .        .        .    =  2*87 

Pr^para^tioM.— .By  strongly  heating,  in  a  porcelain  retort,  a  mixture  of  two  parts  fluor 
spar,  and  one  part  fused  boracic  acid.  One  portion  of  the  boric  acid  is  by  this  treatment 
decomposed.  Its  oxygen,  uniting  with  calcium,  forms  lime,  which  uniting  with  some 
undecomposed  boric  acid,  forms  borate  of  lime,  whilst  a  portion  of  fluorine  uniting 
with  boron,  gives  rise  to  fluoride  of  boron. 

In  symbolic  notation  the  decomposition  is  thus  represented  : — 

2BoO,  +  3CaFl  =  B0FI3  +  BoO,.3CaO. 

Prcperties.-^A  colourless  gas,  with  strong  acid  reaction,  and  a  suffocating  odour. 
Its  leading  characteristic  is  intense  avidity  for  water ;  hence,  dzy  organic  matter,  such  as 
wood,  starch,  &c.,  made  up  of  carbon,  and  the  elements  of  water  (oxygen  and  hydrogen), 
are  rapidly  charred  by  immersion  in  this  gas,  the  elements  of  water  being  removed,  and 
the  carbon  left.  700  or  800  volumes  of  fluoride  of  boron  (fluoboric  acid  gas)  may  be 
dissolved  in  one  volume  of  water  without  decomposition ;  but  if  the  solution  be  con- 
centrated beyond  this  extent,  decomposition  ensues,  and  the  solution  of  another  acid 
(the  hydrofluoboric)  results.  The  exact  composition  and  relations  of  this  acid  still 
remain  undetermined. 

SILICON  (SOMETIHES  TEBMED  SILICIXTM). 

Equivalent  or  atomic  weight  =  21*3. 

General  Remarh. — ^Although  silicon  in  its  pure  state  is  only  produced  by  refined 
chemical  operations,  silica,  or  flint,  is  one  of  the  most  common  substances  in  nature. 

Preparation, — (1).  By  heating  a  mixture  of  silicic  acid  and  potassium.  The  potass- 
sium  removes  oxygen  from  silicic  acid,  becomes  potash,  and  liberates  silicon,  which 
may  be  isolated  by  dissolving  away  the  associated  potash  with  water. 

(2).  By  heating  a  mixture  of  the  double  fluoride  of  silicon  and  potassium  with 
potassium,  and  lixiviating  the  residue.    The  operation  admits  of  being  conducted  in  a 
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tube  of  Oerman  or  other  difficultly  fusible  glass.    The  theory  of  the  decomposition  is 
as  follows : — 

Double  fluoride  of  silicon  (Fluoride  of  potassium 

and  potassium  (Fluoride  of  silicon  (Silicon 

(Fluorine)  Fluoride  of 
Potassium ^ i  potassium 

3KF1.2SiFl3  +  6K:  =  9KFI  +  2Si. 

Properties. — Silicon  is  a  brown  powder,  devoid  of  all  metallic  lustre,  and  infusible 
at  high  temperatures.  If  it  be  heated  in  oxygen  gas  or  atmospheric  air,  oxygen  is 
absorbed,  combustion  ensues,  and  silicic  acid  results. 

SILICON  WITH  OXYGEN  (SILIGA,  OB  SILICIC  ACID). 

Equivalent  or  atomic  weight 45*3 

Chemists  are  acquainted  with  only  one  compound  of  silicon  with  oxygen :  it  is  the 
well-known  substance  silica,  or  silicic  acid.  Kock  crystal  is  crystallized  siHcic  acid 
almost  pure ;  flint  is  the  same  acid  uncrystallized,  and  contaminated  with  variable 
amounts  of  impurities.  United  with  alumina  and  oxides  of  various  metals,  it  con- 
stitutes the  clays,  and  by  far  the  largest  portion  of  rocks.  Rock  crystal,  beautifully 
crystallized,  occurs  in  the  Cornish  slate  formations ;  the  crystals  are  locally  known  as 
Cornish  diamonds.  Specimens  of  rock  crystal  are  frequently  mistaken  for  diamonds 
by  the  inexperienced ;  but  discrimination  between  the  two  is  easy — ^the  crystalline 
form  of  the  diamond  appertaining  to  the  tessular  or  cubic  system,  and  that  of  rock 
crystal  to  the  rhombohedral. 

Preparation. — Rock  crystal  may  be  regarded  as  pure  silicic  acid ;  but  we  may  also 
liberate  t|ie  latter  pure  from  any  state  of  siliceous  combination  by  adopting  either  of 
the  following  processes : — 

(1).  Having  powdered  some  glass  or  siHceous  sand,  mix  the  powder  intimately  with 
not  less  than  three  times  its  weight  of  carbonate  of  potash  or  soda.  Fuse  the  whole 
in  a  platinum  crucible,  and  dissolve  out  the  fused  result  by  water.  The  solution  will 
be  found  to  contain  a  gelatinous  looking  material,  which  is  hydrated  silicic  aoid. 
When  thus  recently  prepared,  silicic  acid  is  partially  soluble  in  acids  and  alkalies ;  by 
evaporating  the  alkaline  solution  to  dryness,  however,  it  is  rendered  insoluble  by  all 
acids,  except  the  hydrofluoric.  Following  out  this  indication,  our  alkaline  mixture  is 
to  be  evaporated  to  dryness,  and  weak  hydrochloric  acid  added,  for  the  purpose  of 
dissolving  away  the  alkali  and  collateral  metallic  impurities.  The  final  residue  is 
silicic  acid. 

This  operation  is  of  great  importance  collaterally.  It  is  the  first  stage  of  the 
analysis  of  a  siliceous  mineral,  or  an  artificial  siliceous  compound.  In  conducting,  the 
analysis  of  glass,  for  example,  it  is  necessary  to  dissolve  the  glass.  This  solution  is 
effected  by  powdering  it,  fusing  it  with  the  carbonate  of  an  alkali,  or,  in  certain  cases, 
a  pure  alkali,  and  isolating  the  silica  as  already  described. 

(2).  Equal  parts  of  fluor-spar  (fluoride  of  calcium)  and  powdered  glass  being  mixed, 
the  mixture  is  formed  into  a  pasty  consistence  with  oil  of  vitriol,  and  distilled  in  a 
glass  retort,  the  beak  of  which  bends  down  into  a  'glass  containing  quicksilver  and 
water ;  gaseous  fluoride  of  silicon  bubbles  through  the  quicksilver,  and  is  decomposed 
on  touching  the  water,  generating  silica  and  hydrofluosilicic  acid.  Inasmuch  as  the 
fluoride  of  silicon  possesses  such  an  intense  affinity  for  water,  the  layer  of  mercury  just 
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demiJwd  »  abfokitelgr  aaeanuy  to  picvwt  tlM  iratec  «€  tkc  xMoiiaig^THninnBnq^ 

back  into  the  distillatory  retort  and  fracturing  it. 

'  The  decomposition  which  ensues  wheai  p«wdeied  silici^  floor-spa]^  sod.  snlphniic 
acid  are  distilled  together,,  ia  zeproMttllad  b^r  the  accompanyiag  diftg»m :«— 

Silicic  «»4^<^{.^-::_X  Voter. 

And  the  decomposition  which  ensues  when  the  fluaxido  of  silicon  comes  in  contact  with, 
water  is  as  follows : — 

Siliaen. .  .< ^SiUes- or  aihsiff  acid. 


Fluoride  of  sfficon  I  pi^^^g 

^»*-  •   •  •  •  Ih^^ 


Fluoride  of  siHcon _^Hyfe>fluoan5cfc  acid. 

The  kjdrofluosilicic  acid  genesated  combines  with  water,  and  ia  obtained  in  solution^ 
It  is  a  valuable  test,  serring  to  distinguish  pota^  from  soda— the  former  yielding  a 
precipitate  with  it,  but  the  latter  none. 

(3).  £^  bringing  chloride  o/ silicon  into  contaet  t«V^«;a<#r.— When  chloride  of  sUieon^ 
a  compound  soon  to  be  described,  is  brought  into  contact  with  water,  a  decomposition, 
ensues  of  the  following  kind : — A  portion  of  the  water  yields  up  hydrogen  to  the 
chlorine  of  the  chloride  of  silicon,  and  generates  hydrochloric  add  gas,  which  remains 
in  solution,  whilst  the  liberated  silicon,,  uniting  with  nascent  oxyg^  forms  silicic 
acid,  which  deposits.    The  decomposition  is  represented  by  a  diagram  as  fbUows : — 

Chloride  of  sificon  { |^^ ; ^Hydrchl^rie  «id. 


Water     ....  (Hy&ogen^ >.    «^       .^ 

"■"*  (Oxygen.. -^Smcic  acid. 

Prop^^j"55.— Silicic  acid  is  a  white  powder,  harsh  to  the  touch,  tasteless,  and 
inodorous.  When  recently  liberated  from  its  combinations  in  aqueous  solution,  it 
occurs  as  a  gelatinous  mass,  which  is  a  hydrate  of  silicic  acid.  In  tZiis  condition  it 
is  soluble  in  water,  alkaKes,  and  many  acids ;  but  if  the  hyd!rate  be  heated,  either 
alone,  or  mixed  with  its  acid  or  alkaline  solvent,  to  dryness,  ft  is  rendered  insoluble  in 
alkalies  and  all  acids  except  the  hydrofluoric. 

Determination  of  Cbmposition  on  AnaVysis.—OR  account  of  the  few  definite  com- 
binations of  silicon  and  silicic  acid,  every  statement  as  to  the  atomic  composition  of 
the  latter  acid  must  involve  a  certain  amount  of  hypothesis-.  The  percentage  amount 
of  silicon  and  oxygen  in  silicic  acid  is  sufficiently  easy  to  dfetermine  as  follows  : — When 
chloride  of  silicon  is  brought  into  contact  with  water,  decomposition  of  the  chloride, 
as  we  have  recently  seen,  ensues,  hydrochloric  and  silieic  acids  being  the  results.  From 
this  experiment  the  percentage  composition  of  silicic  acid  is  proved  to  be— 

Silicon 47'06 

Oxygen 52  94 

iM^e« 
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The  mc^ority  ai  dleaiAitly  eoHfatoj.  fi>r  wmsasa  lameeenny  to  dateS.  iMcam,.  I^ott 
fjSBcie  a(»El'  is  a  omp^vai  of  IdiPee  efAvmltnts  o£  axygen  fkva.  one  o£  Blbo&  If  tlliis 
assumption  be  cofmet^  l^e  atonic  imgM  of  nUeon  vitt  be  23*3y  lie  musbcr  wiiiish 
bti9  bees  ad(^0d&k  this  tiesttise;  aiidt3iechcfmie8is3nxibolliar8iaGaeMidinillbeSi03. 

^tomis  ox  «qyaiTaIent  weighty  aafKiTwiTag  it  ta  be  repreacnted  )  ^^e^ 

bySiClft, P^"^ 

Specific  gjravity 5*9 

iV«p«ro<iw>».— By  ft-ansmittmg  a  current  of  dry  cHorihetfirongfe  a  mixtnre  of  finely 
(Evided  siKcic  aci3  and  charcoal  heated  to  redness  in  a  porcelaiu  tube.  The  silicic 
acid  employed  in  this  operation  must  have  been  prepared  artrfleiafly,  mere  powdered 
flint  or  rock-crystal  not  answering  well.  Its  intimate  admixture  with  charcoal  maybe 
most  conveniently  effected  as  follows : — Mx  intimately  equal  parts,  by  weight,  of 
recently  prepared  siKcic  acid  and  lamp-black ;  make  the  whole  into  a  stiff  paste  by 
incorporating  with  it  a  sufficient  amount  of  any  fixed  oil ;  mould  the  result  into 
JelletSj  and  having  imbedded  the  latter  in  a  crucible,  lute  on  a  cover,  and  expose  the 
crucible  to  a  red  heat.  When  the  crucible  has  been  removed  from  the  furnace,  and 
allowed  to  cool,  the  pellets  are  ready  for  treatment  with  chlorine^  as  directed.  The 
resulting  chloride  of  silicon  must  be  collected  in  a  receiver,  maintained  cool  by  a 
mixture  of  ice  and  salt. 

Ftopei'ties^ — Chloride  of  silicon  is  a  limpid  trsmsparent  fluid,  colourless  when  pure, 
having  a  density  of  1*52,  boiling  at  158"  Pah.,  and  fuming  when  exposed  to  the  air, 
on  account  of  aqueous  moisture  present  in  the  latter.  "When  brought  into  contact 
with  water,  it  is  immediately  decomposed,  yicl^g  hydiochlcH-ic  and  silicic  acids,  as 
already  described. 

CABBQVb 

Xiqttfvaleitt  or  atomic  weight         •        .        •    z:^  6. 

Carbon  is  oner  ^  ihfr  most  importaBi  of  ehenieal  elemeats.  Whethoi*  we  coniem- 
plate  the  w'ykSkj  diffeMB6  aspects  it  can  aasusie  when  uncombined,  or  the  wonderful 
facility  oi  mitiag  fn&t  Q4her  bodies  whiek  it  fosMesea^  earbon  ofifera  pre-eminent 
claims  to  the  attention  of  the  chemist. 

Although  carbon,  both  in  its  simple,  or  uncombined  state,  and  in  combination,  is 
found  in  the  miseni  hmgcbBK,  y^  it  is.  the  etenuent  whiek^  ptm  esMme^^  may  be 
regaxded  as  bttloaging  to  oxganie.  mikaaee.  Hence  by  for  the  gi«ater  numW  of  earfaon 
compioimds  will  eoms  usder  the  vesder'a  nation  voder  tbe  head  of  erganie  ehemistiy; 
yet  it  must  be  understood  that  the  limit  separating  inorganic  from  organic  ehemiatry 
is  purely  conventional.  Carbon,  in  its  pure  and  crystalline  state,  is  the  well-known, 
though  rare  snd  cettiy,  diamond.  It  also  oecurs  native,  and  almost  pure,  as  plumbago, 
graphite,  or  Uftdc-kad^  Carbon,  imder  every  form  of  aggregation,  is  totally  infusible 
at  the  highest  known  temperatures.  Ignited  in  an  atmosphere  of  oxygen,  however, 
even  the  diamond  bums,  and  so  combustible  is  the  porous  carbon  artificially  produced, 
and  known  under  the  name  of  charcoal,  that  it  constitutes  an  ordinary  fuel.  All  the 
ordinary  materials  from  the  combustion  of  which  we  develop  light  and  heat  are,  in 
point  of  fact,  eitherr  carbon,  or  combinations  of  carbon  with  hydrogen ;  and  in  con- 
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nection  with  this  fiict  should  be  mentioned  the  important  characteristie  that  the  result 
of  the  combustion  of  carbon  is  gaseous.  Had  that  result  been  a  solid,  none  of  our 
ordinary  materials  of  fuel  could  have  been  employed  for  this  purpose. 

It  would  be  out  of  place  in  a  trealase  on  chemistry  to  enter  upon  several  details 
concerning  the  diamond,  which  derive  their  interest  mainly  from  the  adventitious  and, 
to  the  chemist,  the  unimportant  fact  that  the  gem  is  so  highly  prized.  It  will  suffice 
to  mention  that  the  gem  crystallizes  in  forms  belonging  to  the  regular,  or  tessular, 
system ;  that  it  is  the  hardest  substance  known;  and  that  all  attempts  at  its  artMcial 
formation  have  been  in  vain.  It  is  found  in  certain  alluvial  districts  of  India  and 
Brazil,  and  is  believed  by  many  chemists  to  be  a  result  of  organic  decomposition.  The 
nature  of  this  decomposition  is  still  a  mystery ;  but  the  experiment  of  converting  the 
diamond  into  coke  by  igniting  it  intensely  between  two  charcoal  points  transmitting 
voltaic  electricity,  seems  to  prove  that  elevated  temperature  can  have  had  no  part  in 
its  original  formation. 

Crystallized  carbon  is  not  only  found  naturally  in  the  form  of  the  diamond,  but  as 
a  mineral  species  known  by  the  appellation  plumbagine ;  the  crystals  of  this  material, 
however,  are  not  white  and  transparent,  but  black  and  opaque. 

The  specific  gravity  of  carbon  differs  for  each  of  its  physical  conditions.  Thus, 
the  specific  gravity  of  the  diamond  is  3*50,  whilst  the  specific  gravity  of  plumbago  is 
only  2*20,  and  of  powdered  coke  from  1*60  to  200. 

The  conducting  power  of  carbon  for  electricity  not  only  varies  for  various  phy- 
sical aspects  of  the  substance,  but  for  modifications  of  llie  same  aspect.  Thus, 
although  ordinary  wood  charcoal,  prepared  at  no  very  high  temperature,  conducts 
electricity  badly,  charcoal,  prepared  at  high  temperatures,  is  a  remarkably  good  con- 
ducting body. 

Certain  varieties  of  porous  charcoal  possess  the  remarkable  property  of  absorbing 
large  volumes  of  different  gases,  and  also  odorous  miasmata ;  and  certain  varieties, 
especially  those  resulting  from  incineration  of  animal  products,  have  the  property 
of  removing  vegetable  and  animal  colours.  This  latter  property  ia  taken  advan- 
tage of  very  extensively  in  the  prosecution  of  several  manufactures  on  the  large 
scale. 

Carbon  has  a  strong  tendency  to  unite  with  oxygen,  when  exposed  to  high  tem- 
peratures, in  admixture  with  bodies  containing  the  latter.  Hence  its  great  power  as  a 
reducing  agent  for  converting  metallic  oxides  into  the  respective  metals — a  process 
appropriately  known  by  the  term  reduction* 

Combinations  of  Caxbon  witb  Oxygen.— There  are  several  combinations  of 
carbon  with  oxygen,  but  of  these  only  two  properly  belong  to  the  department  of 
inorganic  chemistry.  These  are  carbonic  oxide  and  carbonic  acid.  Their  composition 
is  as  follows  :— 


Carbonic   oxide 
Carbonic  acid 


Parts  by  weight. 

Equivalents  or  atoms. 

Carbon. 
6 

6 

Oxygen. 
8 

16 

Carbon. 

1 

1 

Oxygen. 
1 

2 
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CAHBOKIC  ACID. 

Atomic  or  equivalent  weight 
Atomic  or  equivalent  size 
Specific  gravity 


=  22 


=  1-529 


Bistoryy  Natural  Sistoty,  and  5y#Mwym«#.— Carbonic  acid  was  discovered  by  Dr. 
Black  in  1757,  and  described  by  him  as  fixed  air.  He  demonstrated  the  existence  of 
carbonic  acid  in  limestone,  and  carbonate  of  magnesia,  and  showed  the  gas  to  be 
formed  as  a  consequence  of  respiration,  fermentation,  and  combustion.  Lavoisier  was 
the  first  to  demonstrate  its  composition  synthetically  by  the  now  common  operation  of 
igniting  charcoal  in  a  jar  of  oxygen  gas. 

Freparation.—Th.e  most  convenient  method  of  preparing  carbonic  acid  for  experi- 
mental purposes  consists  in  the  decomposition  of  a  carbonate  by  mixture  with  some 
acid  capable  of  displacing  the  carbonic.  In  practice,  marble  broken  into  small  pieces 
is  the  most  convenient  form  of  carbonate,  and  aqueous  hydrochloric  acid  (spirit  of  salt) 
is  the  most  eligible  acid.  As  the  application  of  heat  is  unnecessary  in  conducting  this 
operation,  the  generating  vessel  [may  be  a  wide-mouthed  bottle,  to  which  a  fonnel 
apparatus  and  bent  tube  have  been  attached.  It  may  be  collected  either  over  water, 
mercury,  or  by  displacement.  Water  dissolves  about  its  own  volume  of  carbonic  acid 
gas  at  ordinary  temperatures  and  pressures ;  but  this  amount  is  not  sufficiently  great 
to  interfere  with  the  collection  of  carbonic  acid  over  water. 

The  decomposition  which  ensues  when  carbonate  of  lime  (marble)  is  brought  into 
contact  with  hydrochloric  acid  is  as  follows : — 


Marble      (  Carbonic  acid- 

Hydrochloric  ( Hydrogen  .  .  . 
acid         (Chlorine  .  .  .  . 


-escapes. 
Water 

Chloride  of  calcium 


Or  in  symbolic  notation  it  is  thus  represented  :— 

CaOiCOa  +  HCl  =  CaCl  +  HO  +  CO^. 

Properties, — Carbonic  acid,  under  ordinary  temperatures  and  pressures,  is  a  pungent, 
colourless,  heavy  gas ;  at  60°  Fah:,  and  under  a  pressure  of  30  inches  bar.,  100  cubic 
inches  weigh  50*03856  grains.  Carbonic  acid  was  amongst  the  first  of  gaseous  bodies 
converted  into  the  liquid  condition,  and  furnished  chemists  with  the  first  example  of'  a 
gaseous  body  reduced  to  the  state  of  solidity.  At  the  temperature  of  32°  Fah.  the 
liquefaction  of  carbonic  acid  may  be  accomplished  under  a  pressure  of  36  atmospheres ; 
but  if  the  temperature  bo  reduced  to  14°  the  same  result  may  be  accomplished  by  a 
pressure  of  27  atmospheres.  At  the  low  temperature  of  —  22^  Fah.,  producible  by 
mixing  together  crystallized  chloride  of  calcium  and  ice,  its  liquefSaction  may  be  accom- 
plished at  a  pressure  of  18  atmospheres.  Liquid  carbonic  acid  is  a  colourless  liquid, 
which  if  cooled  down  to  the  very  low  temperature  of  about  —  94°  Fah.  freezes. 

Carbonic  acid  is  soluble  in  water  even  at  ordinary  temperatures  and  pressures, 
conferring  upon  the  liquid  a  brisk,  agreeable  taste.  All  effervescent  alcoholic  liquors 
hold  carbonic  acid  in  solution ;  so  do  ginger-beer  and  soda-water.  Much  of  the 
so-called  soda^xoater  found  in  commerce  is  totally  devoid  of  soda  or  other  alkali,  being 
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merely  a  solution  of  carbonic  acid  in  water  under  pressure.  A  somewhat  remarkable 
circumstance  in  relation  to  tlie  quantity  of  carbonic  acid  capable  of  being  absorbed  by 
water  is  this : — Whatever  be  the  density  of  the  carbonic  acid,  watfer  dissolves  a  volume 
of  it  nearly  equal  to  its  own. 

Carbonic  acid,  in  its  gaseous  or  ordinary  condition,  is  a  heavy,  iirespirable, 
incombustible  gas,  neither  capable  of  supporting  combustion  nor  the  function  of 
respiration.  Both  the  gfuand  its  aqueous  solution  redden  Utmusvpapes  £Bii>l^.theEEeby 
manifesting  a  ohanifiteristie  of  acidity.  The  acid  pnypeidei^  howoven^.  of  (Bfttmnic  acid; 
are  so  weakly  pronounced  that  its  combinntions  with.  base8»(carbonatefB)  ara  deeomposed 
by  almost  every  other  aoid,  oarbonio  acid  being:  evolved.  Cai^ianie  aaid,.  and  ita- 
afueous  solution,  axe  sapidXy  absorbed  by  the  ouxs^  alkalies  and  alkaline  eacths,  a 
carbonate  being  generated  in  either  case.  Carbonates-  of  aJkaliet  are  E0Luh]%  those  of 
the  eartha  insoluble:  The  white  pvaeipitate  genegatfad  in  sehitiona  ol  lim&^  oi;  bar^ 
(lime  or  baryta  water),  by  the  transmission  of  oarb^uo  aoid,  or  the  addition  of  cai4>onic 
acid  in  soluti<m,  or  a.  carbonate,  is,,  when  individualized  by  othef  nsctssacy  tasts^  a 
convenient.  meanj»  of  indicating,  the  presenee  of  caxiMnio  aeid.  Thus,,  if  a- gas  .or  a 
solution,  yield  a  whitepreoipitata  with,  lime  oK  baryta- waiter,,  the  preei^iitatB  may  be  a 
carbonate.  If  the  piBoipitate  disselve  in  nitric  or  hydrochLorio-  aoid,-  evolving  a 
gas  which,  manifests  the  pecadiav  ohanfttenatios  of.  carbonic  acid  ga%  it  tauti  be 
a  carbonate. 

The  functions  of  carbonia  acid  are  v€ry  important  iuAnatuse.  Itis>aliva.^.present 
in  the  atmosphere,  though  the-  quantity  is  vanable,  ^^ft^gfiMg  finun  *4  to;  *6  p^  cent. 
Trivial  though  this  amount  may  seem,  it  suffices  to  a£^  the  naeessary  quantity  of 
carbon  to  the  whole  vegetable  creation.  As  regasds  the  ndneral  kingdom,  Tast  stores 
of  carbonic  acid  are  locked  up  in  the  form  of  carbonates,  chiefly  of  lime.  In  some 
localities  these  carbovates  are  decomposed  by  naturd  causes,  when  carbonic  acid  of 
course  escapes.  Being  heavier  than  the  atmospheric  aliv  carbonic  add  may  be  poured 
from  one  vessel  to  another  in  the  manner  of  a  Uqjoid ;  hence,  if  it  happen  to  be 
liberated  in  a  pit  or  valley,  it  lingers  there,  and  may  be  reoognised  by  its  effects. 

The  celebrated  Grotto  del  Cane,  near  Kaples,  owes  its  mephitic  properties  to  car- 
bonic acid  thus  collected  ;  and  the  secret  of  its  proving- fifttai  to  dogs,  though  fkUing  to 
injure  human  beings,  is  easily  explained.  The  Grotto  del  Cane  is  formed  in  such  a 
manner,  that  it  may  be  compared  to  a  pitcher  lying  on  its  side,  &om  which  airange- 
ment  it  follows  that  the  accumulated  gas-  can  never  rise  sufflcientty  Hig^- to  affect  the 
breathing  organs  of  a  human  being,,  though  a  small  quadruped  readily  succumbs, 
because  its  mouth  and  nose  are  below  the  deadly  level 

Still  more  celebrated  than  the  Grotto  del  Cane,  but  not  so  commonly  assooiatad 
with  the  true  cause  of  daaiger,  is  the  celebrated  Poisen  Valley  of  Java,  the  deadly 
influence  of  which  was  attributed,  by  the  esrly  Dutch  tanveilers,  tb  the  Upas  tree. 
Theire  are  poisonous  trees  in  Java  termed  ITpas,  and  the  concentrated:  Upas  juice  is 
sufficiently  terrible ;  but  the  accounts  once  received  as  true,  to  the  effect  that  only  one 
tree  of  the  kind  grew  in  Java,  tiiat  it  exhaled  a'poisonous  atmosphere -ftsital  to  ail  beings, 
aaonal  and  vegetable,  within  a  radius  of  several  miles,  is  a  fable.  The  true  state  of 
the  case  is  i^u  :— -There  is  in  Java  a  valley  about  half-a-mile  in  diameter,  and  having 
very  steep  sides.  This  valley  is  charged  with  carbonic  acid,  evolved  from  natural 
fiasunes,  and  consequently  represents  the  phenomena  of  the  Grotto  dd.  Cane  on  a  much 
larger  scale. 

Carbonic  acid,  though  filling  an  important  part  in  the  general  economy  of  nature. 
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isnot estensirely  eaxpiayei.  for  artificid  purposes.  Many  of  its  sidts^  especially  the 
caarbonates  of  potash  and' soda,  are  htrgely-used'in  the  arts  and  manufftetures ;  hut  they 
are  inyariahlymadd- by  indirect  processes  not  in-rolying  the  primary  employment  of 
catfiionic  acid!  Periiaps-I^e  most  ingenious  and' refined- application  of  carbonic  acid  i$ 
itti  employment^  for^the  generation  of  extreme  degrees  ofcold.  This  ift  effected  by  th^ 
spontaneous^eraporation  of  liquid  carbonic  acid,  or  a  mixture  of'  solid  carbonic  acid 
with  e^er.  The  liquefaction  and  solidification  of  carbonic  acid  have  been  already 
adrerted'to ;  the  method  now  require*  to  l^e  indicated  by  which  the  liquefaction  and 
solidification  in  question  are  accomplished,  both  on  the  small  and  the  large  scale.  On 
the  smdl'soalfe  the  lique&tion  orcarbonic  acid  was  first  accomplished  by  Mr. 'Faraday, 
by  exposing  it*  to  the-  pressure  of  its  own  c 

elasticity.  Into  a  tubular  apparatus,  bent 
as  representedln-lhe  accompanying  diagram, 
some  oil  of  Tiftibrand  bicarbonate  of  soda 
oi»  pot»sh  are  placed,  the  former  deposited 
in  ih»  bend  b,  tile  latter  in  i^o  bend' a; 
lastly,  the  tube  is  careftiUy  fused  at  Cj/** 
especial  care  being- taften  to  prevent  admixture  of  the  carbonatfe  with  the  oil  of  vitriol. 
The  glMrbeihg  sealed  and- the  apparatus  well  cooled,  a  certam  inclination  is  given  to 
the  instrument,  by  which  means  the  sulphuric  acid  and  the  bicarbonate  are  brought 
into  contiact;  Decomposition  of  the  bicarbonate  ensues,  carbonic  acid  is  evolved  and 
the  extremity,  /,  of  ^e  tube  apparatus,  being  coolfed  by  a  mixture  of  ice  ajid  snow, 
liquid  oarboide  acid' condenses; 

The  saane-  general  principle  is  adopted  in  the  generatio^  of  large  quantities  of 

liquid  carbo- 
mXi  acid,  but 
t^e  apparatus 
is  necessarily 
modified.  It 
consists  of  two 
separate  ves- 
sels, the  gene- 
rator  and  the 
receiver,  as 
represented  in 
the  accom- 
panying dia- 
gram, in  which 
the  vertical 
cylinder  repre*- 
sentsthe  gene- 
rator, the  hori- 
zontal one  the 
receiver.  Both 
are  constructed  of  metal— lead  ettcased  in  copper  is  the  safest,  and  in  all  respects  the 
best,  though  cast-iron  was  emplajred  originally.  Without  describing  minutely  the 
various  parts  of  this  apparatus,  it  will  suflice  to  mention  that  the  receiver  is  so  con- 
structed that  a  portion  of  bicarbonate  of  soda  having  been  dissolved  in  water  and  poured 
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in,  a  slender  cylinder  of  copper  closed  at  one  extremity,  as  represented  below,  may  be 


a 


hung  within  the  cylindrical  cavity.  Supposing  this  disposition  to  have  been 
made,  it  follows  that  no  decomposition  can  ensue  until  the  sulphuric  acid  and 
bicarbonate  of  soda  have  come  into  contact,  which  can  be  effected  at  any  time, 
simply  by  inverting  the  generating  cylinder ;  to  facilitate  which  operation  it  ia 
swung  on  a  pivot.  Let  us  assume  then  that,  after  securing  a  proper  communi- 
cation between  the  vertical,  or  generating  vessel,  and  the  horizontal,  or  receiving 
one,  the  former  is  inverted,  causing  the  sulphuric  acid  within  it  to  flow  out  and 
come  into  contact  with  the  bicarbonate  of  soda.  No  sooner  does  this  take  place 
thaA  decomposition  of  the  bicarbonate  results,  carbonic  acid  is  evolved,  and,  pass- 
ing through  the  slender  tube  of  communication  into  the  horizontal  receiver,  is 
y  there  condensed  into  the  liquid  form. 
I  It  remains  now  to  be  shown  how  carbonic  acid  from  the  liquid  may  be  converted 

into  the  solid  state.  The  student  is  desired  to  reflect  that  the  act  of  evaporation  always 
produces  cold,  and  that,  ceteris  paribus^  the  degree  of  cold  is  commensurate  with  the 
rapidity  of  the  evaporative  process.  Hence  it  is  that  the  sensation  of  extreme  cold  is 
recognised  when  ether  is  poured  upon  the  skin ;  and  if  that  liquid  be  poured  upon  a 
thin  glass  bulb  containing  water,  the  water  may  be  frozen.  Hence  it  is,  too,  that 
water  may  be  frozen  by  the  cold  resulting  from  its  own  evaporation  under  the 
exhausted  receiver  of  an  air-pump. 

Bearing  these  £Eu;ts  in  mind,  it  will  readily  be  conceived  that  the  evaporation  of  a 
liquid,  so  volatile  as  liquid  carbonic  acid— a  liquid  which  can  only  be  made  to  retain 
its  condition  of  liquidity  by  artificial  means— must  be  very  rapid ;  and  being  so,  that  its 
evaporation  must  produce  much  cold.  Such,  indeed,  is  the  fact :  so  intense  is  the  cold 
that  one  portion  of  liquid  carbonic  acid  is  frozen  by  the  evaporation  of  another  portion. 
Eetuming  now  to  an  examination  of  the  horizontal  receiving  vessel,  it  will  be  seen 
that  the  small  extremity  of  the  connecting  tube  between  it  and  the  generator  goes 
almost  down  to  the  bottom  of  the  receiving  vessel,  from  which  disposition  it  necessajily 
follows  that  if  the  receiver  be  disconnected  from  the  generator,  and  if  free  communica- 
tion be  established  between  its  cavity  and  the  external  air,  a  jet  of  liquid  carbonic  acid 
will  be  forced  out.  No  sooner  does  this  jet  distribute  itself  than  a  portion  of  liquid 
carbonic  acid  becomes  converted  into  a  material  like  snow.  M.  Thilorier,  who  was 
the  first  to  generate  solid  carbonic  acid,  not  only  devised  the  apparatus  just  described, 
but  also  a  very  ingenious  box  for  collecting 
the  solid  aci4  This  box  is  represented  by 
the  subjoined  diagrams. 

It  consists  of  two  parts,  one  of  which 
fits  into  the  other.  Each  part  is  supplied 
with  a  hollow  handle,  and  one  part  is  fur- 
nished with  a  tangential  jet,  represent  by 
the  smallest  figure  in  the  diagram.  The 
operation  of  the  instrument  is  as  follows : — 
Instead  of  allowing  a  jet  of  liquid  carbo- 
nic acid  to  escape  into  the  air  and  to  be 
dispersed,  it  is  caused  to  pass  into  the 

box  through  the  tangential  jet    Owing  to  ^H  — ^ 

this  tangential  direction,  it  is  caused  to  ^^  JU 

circulate  around  the  box.    The  fact  need  scarcely  be  indicated  that  no  sooner  does  the 
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jet  of  carbonic  acid  enter  the  box  than  a  portion  freezes,  owing  to  the  cold  produced  hj 
the  rapid  evaporation  of  the  other  portion.  Hence,  tiie  box  containa  a  mixture  of 
gaseous  Slid  solid  carbonic  apid  gas.  But  free  communication  is  established  between 
the  inside  of  the  box  and  the  atmosphere  without  by  means  of  the  hollow  handles ; 
consequently  all  the  gaseous  portion  readily  escapes,  whilst  all  the  solid  portion  remains 
behind,  and  may  be  easily  obtained  by  opening  the  box. 

Solid  carbonic  acid,  as  thus  produced,  is  capable  of  producing  an  intense  degree  of 
cold,  as  we  shall  presently  discoyer ;  nevertheless,  it  may  be  han&led  with  impunity — 
indeed,  except  it  be  forcibly  squeezed,  no  particular  sensation  of  coldness  is  remarked. 
This  circumstance  is  easily  accounted  for.  So  great  is  the  difference  between  the 
temperature  of  the  carbonic  acid  and  the  temperature  of  the  skin,  that  actual  contact 
between  the  two  does  not  occur — ^the  solid  carbonic  acid  being  enveloped  by  an 
atmosphere  of  gas,  and  thus,  like  all  gaseous  bodies,  having  very  imperfect  powers  of 
thermic  conduction.  Hence,  when  it  is  desired  to  apply  the  full  cooling  powers  of 
carbonic  acid,  the  substance  has  to  be  mixed  with  ether,  in  which  it  partially  dissolves, 
forming  a  sort  of  paste.  To  touch  this  paste  with  the  finger  would  be  somewhat  more 
dangerous  than  the  act  of  touching  a  red-hot  piece  of  iron ;  the  application  of  extreme 
cold  producing  the  same  physiological  effects  as  the  application  of  extreme  heat.  By 
means  of  this  ethereal  paste  the  most  surprising  effects  of  cold  may  be  developed. 
Quicksilver,  when  poured  into  it,  causes  a  hissing  noise,  as  when  red-hot  iron  is 
pluifged  into  water,  and  the  metal  is  frozen  at  once.  But,  by  peculiar  management, 
the  ethereal  paste  of  carbonic  acid  may  be  caused  to  develop  still  lower  degrees  of  cold. 
Its  evaporation  may  be  accelerated  by  placing  it  under  an  air-pump  receiver,  and 
creating  a  vacuum.  In  this  way  the  astonishingly-low  temperature  of  —  148"  Fah., — 
in  other  words,  148°  below  zero,  or  180°  below  freezing  point — ^has  been  produced. 

An(dyHe(U  Determination  of  Carhonie  Acid,^-Yh&  means  of  estimating  carbonic  acid 
qualitatively  have  already  been  mentioned ;  it  remains,  therefore,  to  indicate  the 
method  of  its  quantitative  determination.  This  is  usually  accomplished  by  transmitting 
it  through  a  solution  of  caustic  potash,  which  absorbs  it  completely,  the  solution 
acquiring  an  increase  of  weight  proportionate  to  the  amount  of  carbonic  acid  absorbed. 
In  this  manner,  the  amount  of  carbonic  acid  contained  in  any  gaseous  mixture  admits 
of  being  determined  exactly,  which  is  a  matter  of  very  great  importance  to  the  chemist, 
more  especially  when  prosecuting  organic  analyses,  in  the  course  of  which  the  total 
amount  of  carbon  entering  into  the  composition  of  a  body  is  estimated,  not  as  carbon, 
but  as  carbonic  acid.  We  have  already  seen  that  charcoal  (carbon],  when  burned  in 
oxygen,  yields  an  acid  result  (p.  284).  If  the  experiment' of  chaicoal^combustion  be  now 
repeated,  the  gaseous  result  will  be  found  to  be  endowed  with  the  property  of  imiting 
with  the  lime  of  lime-water,  rendering  the  fluid  turbid,  and  also  with  caustic  potash 
or  soda. 

These  facts  may  be  readily  demonstrated  by  burning  a  piece  of  charcoal  in  two 
bottles,  respectively  filled  with  oxygen  gas ;  when  the  charcoal  has  ceased  burning, 
a  lighted  taper,  if  immersed  in  either  of  the  bottles,  will  be  extinguished,  thus  proving 
the  existence  of  carbonic  acid ;  but  if  a  lump  of  quicklime,  moistened  with  water,  be 
thrown  into  one  bottle,  and  a  portion  of  liquor  potassse  into  the  other,  each  bottle 
occluded  with  a  glass  plate  (not  the  stopper,  which  would  become  fixed),  and  agitated 
for  a  few  instants,  all  tiie  previously-contained  carbonic  acid  will  be  foand,  on  opening 
the  bottle,  to  have  disappeared,  as  evidenced  by  a  lighted  taper  no  longer  refusing  to 
i   bum.    Beadily  though  carbonic  acid  is  absorbed  by  solution  of  alkali,  a  perfectly 
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lisbig's  bulb  abfabatus. 


unexceptionable  deyice  for  accompliahing  tliis  abfiorptioii  is  oi^y  a  discovery  of  the 
last  few  years,  a&d  the  merit  of  devising  it  belongs  to  liebig. 

It  consists -of  a  glass  tube,  bent,  as  represented  in  the  foUowhig  diagram,  and  ex- 
panded into  fire  bulbs.  The  whole  apparatus  is  constructed  of  very  light  gla«i,  so 
that  when  partially  filled  with  alkaline  solution  it  will  not  be  too  hsavy  for  wo^hing 
in  a  delicate  chemical  balance.  The  £iict  needs  scarcely  be  indicated,  that  the  bulb 
apparatus  presents  a  current  of  carbonic  acid  transmitted  thxoi^h  it  to  'the  alkaline 
solution,  undsr  conditions  very  favourable  to  the  completer  absoQ»tion  of  .the  .gas :  such 
is  its  intention.  To  convey  an  idea  of  the  uses  of  this  instrument,  let  us  jnwgjwft  the 
following  case  .--—Assuming  that  the  potash  bulb  apparatus,  with  its  ohaige  of  alka- 
line liquid,  weighs  eight  hundred  grains,  let  us  suppose  a  piece  of  chaieoal  to  have 
been  burned  in  contact  with  oxygen,  converted  into  carbonic  aoid  ga#,  and  the  latter 
passed  into  one  extremity  of  our  potash  bulb  apparatus ;  through  i^e  apparatus  it  will 
not  gQf  inasmuch  as  the  contained  alkaline  -solution  will  absorb  the  gas.  Under  these 
circumstaooes  the  potash  bulb  wiU  have  inereased  in  weight 
by  a  certain  amount,  corresponding  with  the  weight  of  car- 
bonic aoid  .generated :  supposing  the  pieee  of  carbon  burned 
to  have  weighed  six  grains,  the  weight  of  carbonic  add  pro- 
duced will  be  twenty-two  grains,  and  the  .weight  of  the  potash 
bulb,  now  charged  with  carbonic  acid,  will  be  822  graias. 
Sometimes,. in  practice, -the  conversion  of  carbon  into  carbonic 
acid,  (preparatory  to  its  estimation  in  the  manner  described, 
is  effected  by  heating  it  in. a  tube,  traversed  by  a  current  of 
^  oxygen  .gas.;  but,  more  frequently,  the  amount  uf  oxygen 
nece80a:<y  for  combustion  .is  .yielded  by  some  oxidising  ^ody .  for  this  purpose  the 
Uack  oxide  of  cQpper  is  ordinarily  enipl^yed.  The  -manipulative  deiaiis  ^refuiied  in 
condoatisig  this  proows  beloxig  to  the  department  of  oi;ganio«chexBisti7. 


CASBONIC  OXISS. 

"Bqiiivalent  or  utomic  weight  . 
iElauivalent.or  atomic  vcdnme ,. 


=  14 


Bomethnes  a  pale  blue  lambent  flaone  may  be  observed 'bimfaig  on  &e'sarfcce  lof  a 
ifluurcodl  fire;  it  results  fh)m*ti[ie  combustion  df  carbonic  oxide  gas,  the  nature  of 
^rhidh  mayVbe  hdljf  inferred  -from  a  consMertttion  of  the  oireuxnstances  imder  which  it 
occurs  in  the  example  before  us. 

Carbonic  oxide  maybe  regarded  as  tiie  result  of  deoxidafion  d!  cafbonic  acid  by 
«ome  body  having  an  aflSnity  for  oxygen.  Caifbon  is  a'body  of  this  kind ;  hence,  When 
carbonic  acid  comes  ii;  contact  wi&  red-hot  charcoal  (carbon),  one  equivalent  of 
oxygen  is  removed  from  cveify  equivalent  of  carbonic  acid,  and  carbonic  oxide  results. 
By  tea  the  most  convenient  method  of  generating  this  gas  pure,  however,  is  the 
following. 

Preparation.— 'OxsXic  acid,  which  properly'belongs^  to  the  department  of  organic 
dhemistry,  may  be  regarded  as  consisting  df  one  equivalent  of  carbonic  acid,  plus  one 
equivalent  df  car]^onic  oxide.  At  least  anhydrous  oxdic  acid  has  this  composition — 
'the  aHd  Whldh  conlbines  with  oxide  of  silver,  of  lead,  and  certain-  othcri)Bses.  Ordiiiaiy 
crystallized  oxalic  acid,  howeyer,  contains  three  equivalents  df  wHter.  Two  of  these 
'Qaee  equivalents  may  be  removed  without  destroying  tiie  constitution  of  the  acid ;  but 
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witiiQutiihe  third  ihejaoidisaiLnat  oodifr— dt  idivides  :kdx>  .tnzbonic  xomde  mtd  flttA)onic 

aoid.    Vijiw,  oil  of  (ictteiQl,  as  wedbiflye  on  meaay  -Accanoas  xscognisfid, diOB « jmncfiil 

tendenoy  io  mute  with  water, 

Bj  Tixiue  of  this  tendsiioy, 

when  distilled  with  crystal- 

liced  oxalic  add  (ostflate  of 

water,  as  we  may  iinth  {ffo- 

priety  teim.it),  it  dBOompoaes 

that  sabstanee,  appvopriating 

all  its  water,  and  Hbexating  oar- 

bonio  oxide  and-cacbonio  acid 

gaflOB  mixed  together.    !S(ow, 

alkalies  absorb  carbonic  add, 

but  do  not  Absorb  oarb<mic 

ooide;  therefore,  on  .aondualing  the  >niized  gasos  into  l^unrjrotaKSD,  the  naSff  ^s 

whdoh  .bubbles  through  the  ^ter  m  carbonic  oxide.    Hence  "the  pxoper  arrangement 

for  procuring'Carbonic  ojcide  byihias  peocess,  is  as  represented  dbove. 

J&cyn#ri<>«.-T*Carbeinic  oxide  k  a .  colourless,  inodorous  .gas,  cde^oid  of  acid,  and  of 
baaic  propertaeB.  Jt  does  not  render  :lime  or  baryta  water  turbid,  in  .whii&arai|pflatut 
diffisiB  from  carbonic  acid.  It  'has  never  been  liquated.  'It  is  ^pny  *p6iiOfiou8  iiHien 
taken  into  the  lungs,  and  is  Aotjitaupporter  of  combustion ;  but  when  iguited,  it  bums 
with  a  pale  (blue  flame,  tiie  «de  -nesnlt  of  ate  'ornnhfliation  ibeing  cai^Kmic  aoid.  !I9ie 
specific  ^a^tj  of  earbonic  ogddeis  '^7A. 

BULEHUB  WITH  CARBON   (SULPHIDE,   OB  8ULPHUBBT  OF  CABBQN). 

One  combination  of  sulphur  with  carbon  is  known  to  chemists.  Jta6;tiie  hiaul- 
phuret,  and  composed,  therefore,  of  one  equiyalent  of  carbon  ,plus  two  of  sulphur. 
Hence  its  atomic  weight  is  32  +  6,  or  38. 

Preparation,'-^'Bj  transmitting  sulphur  vapour  over  red-hot  diarcoiLl. 

Prcperties.-^A  colourlefis  liquor,  posseaaiiig  ;8n  ieKtrsmely  ^diwuggAible  odour,  and 
having  a  specific. gravity  of  1'271  at  eo*"  Fah. 

CABBON  oun)  NxiBOGEN  (bigabbubet  Q9P  ^sRSBeonN,  u^R  poumoavs), 
Equivalent  jor.atomic  weight  ..       .       ..  js:  ^ 

Squvriileut'or  atooiiD''Vcfktnie  .  .    -=:  i     - 

Specific  4gfafiri|y       =  1*86 

"Bmmtal  jS»»MrA»>—* Cyanogen  onras  Qiscoveffed  %f  M.  ^Gay  Ijtnsac.  It  possesses 
^gveat  impurtanoe,  both  ^pnuitiodl  and^theoreticol ;  praeticdl,  on  'account  of  its  -being -a 
constitueut  (Cf  hydrocyanic, '  or  pruisic  «cid,  anda  VAst  number  of  useful  -eompomifl 
bodies ;  theoretical,  as  furnishing  the  most  'prominent  example  -of  a  compound  body 
acting  like  a  simple  one  ini;hemiocd  eombinations.  Thus,  it  combines  with  hydrogen, 
forming  .hydrocyanic,  or.pxuaus.acid,  the  analogue  of  hydrochloric :  aoid ;  with  oj^gei^, 
to  form  'qyanic  aoi^^  and  .in  like  iUuinner  tfor  ipany  other  oombinationB.  Periiaps 
cyanogen,  on  'account  of  its  niunerous.o^sgonicTclations,  belongs  -with  moat  ipropriety 
to  the  domain  of  organic  chemistry ;  nevertheless,  its  general  eharaderistiiCB  aormuoh 
iresemhle  those  of  chlorine,  iodine,  bromine,  and  fluorine,  4bfit  (we  wiU'enlar  upon  its  , 
•consideration  Ixere. 
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CYANOGEN. 


JPreparation,— Direct  combination  of  carbon  with  nitrogen  has  never  yet  been 
effected,  hence  an  indirect  process  is  requisite  for  generating  cyanogen.  This  indirect 
process  consists  in  heating  cyanide,  or  cyannret  of  mercury.  A  small  bent  tube,  as 
represented  by  the  following  diagram,  may  be  employed,  and  the  gas  may  be  collected 
either  over  water  or  mercury. 

If  considerable  quantities  of  the  gas  are  required,  it  is  hardly  necessary  to  mention 
that  the  bent  tube  must  be  discarded,  and  a  small  retort  employed  instead. 

As  the  decomposition  proceeds,  gaseous  cyanogen  and  metallic  mercury  will  be 

liberated ;  but  there  also  remains  in  the 
retort  a  black  material  of  precisely  the 
same  composition  as  cyanogen,  and  to 
which  the  denomination  of  paracyan- 
ogen  ia  applied. 

Properties. — Cyanogen  is  a  colourless 
gas,  possessing  an  odour  something  like 
that  of  i>each  blossoms.    It  is  combus- 
tible, and  exceedingly  poisonous.     Of 
all  known  gaseous  bodies  cyanogen  is 
one  of  the  most   easily  condensable. 
By  employing   a  pressure   of  4  or  6 
atmospheres   it    may  be    liquefied  at 
ordinary  temperatures ;  and  it  liquefies  without  pressure  if  cooled  down  to  4'  Fah. 
Water  dissolves  4  or  5  times   its   own  volunys   of  cyanogen  gas,  and    alcohol  as 
much  as  20  or  25  ^volumes.    Both  alcoholic  and  aqueous  solutions  undergo  decom- 
position by  keeping ;  a  brown  powder  being  deposited,  the  nature  of  which  has  not 
been  determined. 


CYANOGEN  AND   HYDROGEN    (HYDROCYANIC,   OR  PRUSSIC  ACID). 

Equivalent  or  atomic  weight     .        .        .    =  27 

•=03 


Equivalent  or  atomic  volume 


Specific  gravity  of  vapour         .        .        .    =        '947 
Specific  gravity  of  liquid  .        .        .        .    =r        '697 

Various  processes  have  been  devised  for  generating  hydrocyanic,  or  prussic  acid, 
differing  in  their  nature  according  to  the  strength  of  acid  required. 

ANHYDROUS  HYDROCYANIC  ACID. 

Preparation — Andydrous  hydrocyanic  acid  may  be  prepared  by  transmitting  a 
current  of  hydrochloric  acid  gas  over  cyanide  of  mercury  placed  in  a  glass  tube,  and 
'  condensing  in  a  U-tube,  cooled  by  a  mixture  of  ice  and  salt,  the  liberated  hydrocyanic 
acid,  in  which  case  the  decomposition  is  as  follows  : — 

HgCy  +  HOI  =  HgCl  +  HCy. 
But  still  better  is  it  to  substitute  a  current  of  hydrosulphuric  acid  gas  for  the  hydro- 
chloric.   The  arrangement  of  apparatus  for  conducting  the  operation  is  as  foUows : — 

The  bottle  A  contains  fragments  of  sulphuret  of  iron,  upon  which  dilute  sulphuric 
acid  may  be  poured  by  means  of  the  funnel/,  and  hydrosulphuric  acid  will,  of  course, 
be  liberated  (page  349) ;  but  the  gas  is  charged  with  aqueous  vapour,  from  which  it 
must  be  freed :  this  is  accomplished  by  causing  it  to  traverse  some  fragments  of 
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chloride  of  calcium  contained  in  the  tube  P  ;  passing  on,  it  eventually  comes  in  contact 
with  crystals  of  cyan- 
ide of  mercury  con- 
tained in  the  tube^Q, 
and  no  sooner  does  it 
touch  them  than  de- 
composition ensues, 
sulphuret  of  mercury 
being  formed,  and 
hydrocyanic  acid  es- 
caping into  the  cooled 
XT-tube,  where  it  con- 
denses into  the  fluid 

condition.  In  order  to  obtain  the  hydrocyanic  acid  completely  unmixed  with  hydro- 
sulphuric  add,  it  is  necessary  to  terminate  the  operation  while  yet  a  portion  of  the 
cyanide  of  mercury  remains  undecomposed.  The  progress  of  decomposition  can  be 
readily  determined  by  noticing  the  colour  of  the  materials  in  the  tube— sulphuret  of 
mercury  is  black,  and  cyanide  of  mercury  white ;  moreover,  the  process  of  decom- 
position is  regular,  beginning  at  the  extremity  of  the  tube  Q  nearest  to  the  generating 
bottle,  and  thence  gradually  proceeding  to  the  farther  extremity. 

Properties. — Anhydrous  hydrocyanic  acid  is  a  colourless  liquid,  and  one  of  the  most 
poisonous  compounds  known.  A  single  drop  placed  on  the  tongue  or  in  the  eye  of  a 
strong  dog,  kiUs  the  animal  instantaneously,  and  its  vapour  taken  into  the  lungs  is 
quite  as  deadly.  For  this  reason  the  operation  of  preparing  the  anhydrous  acid  must 
be  conducted  with  extreme  care.  Anhydrous  hydrocyanic  acid  is  exceedingly  volatile ; 
for  this  reason,  when  poured  upon  a  flat  surface,  one  part  freezes  by  the  cold  resulting 
from  the  evaporation  of  the  rest. 

Bilnte  H3rdxoo7aiiic  Add.— Hydrocyanic  acid  dissolves  in  water  in  all  propor- 
tions, and  is  fluently  manufiEu^tured  in  the  dilute  state.  That  which  is  known  in 
commerce  as  Scheele's  strength  is  a  five  per  cent,  acid ;  but  the  dilute  hydrocyanic  acid 
of  the  London  Pharmacoepia  only  contains  two  per  cent.  For  preparing  the  acid  on 
the  large  scale  the  following  process  may  be  adopted  with  advantage  : — ^To  6  lbs. 
avoirdupois  of  powdered  prussiate  of  potash  (ferrocyanide  of  potassium)  in  a  capacious 
retort  add  a  mixture  of  4  J  lbs.  oil  of  vitriol,  and  12  pints  of  water.  Distil  by  the  heat 
of  a  sand-bath  into  2  gallons  of  water,  untU  the  materials  in  the  retort  acquire  the 
consistence  of  a  thick  paste.  The  resulting  dilute  acid  will  be  stronger  than  acid  of 
Scheele's  strength  (5  per  cent.),  but  the  determination  of  its  exact  strength  requires 
an  analytical  process  of  the  following  kind : — ^Weigh  off  any  convenient  quantity  of 
the  acid— say  50  grains— and  add  solution  of  nitrate  of  silver  until  no  further  pre- 
cipitation ensues.  Collect  the  precipitate  on  a  tared  filter,  wash  it  thoroughly  dry, 
and  weigh.  The  white  precipitate  is  cyanide  of  silver,  every  134  parts  of  which 
correspond  with  one  equivalent,  or  27  parts,  of  hydrocyanic  acid ;  consequently  it  will 
be  seen  that,  by  dividing  the  weight  of  cyanide  of  silver  produced  by  5,  the  quotient 
indicates  the  quantity,  within  an  unimportant  fraction,  of  hydrocyanic  acid  present. 
As  reg^irds  the  greater  number  of  solutions,  specific  gravity  is  correlative  with  strength ; 
but  dilute  hydrocyanic  acid  furnishes  an  exception  to  the  rule,  inasmuch  as  the  differ- 
ence of  its  specific  gravity  for  different  strengths  is  only  trifling.  In  reducing  hydro- 
cyanic acid  of  one  strength  to  another  specified  strength,  the  following  considerations 


Digiti 


zed  by  Google 


394 


BlLmoe  fifKDBOCYAaNIC  ACID. 


must  be  attended  .to.  Suppoee  that  we  -aim  at  the  xDanu&otuve  of  a  5  par  eent.  aoid, 
but  haying  tested  it  by  means  of  nitrate  of  silver,  50  grains  yield  JSigaains  of  cyanide  of 
silver.  Now  13  divided  by  5  give  5*2 ;  hence  the  dilute  acid  has-a^strongtii  of  5*2  per 
cent.  But  we  desire  to  have  an  acid  of  exactly  5  per  cent. ;  thasafoie-we^iefifloin  as 
fallows : — 5  par  cent,  is  one-twentieth ;  hence,  if  we  take  twenty  parts  of -6  par  Mnt. 
acid,  and  eaOmtA  *&lg  laaL  acid  from'it,'fiie  ikltar  will  be  found- to  have  heen  in  com- 
bination with  19  parts  of  water ;  hence,  if  we  multiply  the  amount- of. real  acid  hj.20, 
we  jg^t  the  number  lof  parts  by  weight  of  water,  which  must  be  eombinedwithit-to 
form  an  acid  of  5]per  cent,  strength.  Kow  20  X  5*2  =  104  ;  hence  eyery  100  paits 
of  (the  acid  of  5*2  par  cent,  must  have  wdter  added  to  it  until  the  total  nunib«ar-of  rpnrts 
b^tweightis  104.  ICo  every  100  parts  bywejight  (tf  itfuud'of  5*2  per  oont.  ^tseoglh, 
therefore,  we  must  add  4  pairts  of  water.  'Frequently  in  practice  ^it  is  move  eoixfmiiaat 
to  measure  than  to  weigh  liquids,  though  weighing  is  always  imote  GDrraot.  If  tihe 
opecation  of  measuring  be  applied  to  data  relating  to  weight,  aUoneance  muaibe  made 
for  the  difference  between  the  specific  gravities  of  -^e  liquids  qpeiated  on.  {Shus,  in 
.the  present  oase,'diLiite  .hydrocyanic  acid  ha^ng  a  akrength  of  i5'2:per  oeilt.  posaoeMfl. 
the  specific  gravity  of  *995;  that  is  to  say,  :it  .is  lighter  tlhan  water  in  thcfafio  of 
•906  to  1 ;  iience  the:meaauxe  of.a^pound  weight  of  irator  will,  not  hold  «. pound' weight 

of  a  liquid  of  -995 ;  but  less  than  a, pound  in  the  ratio  df-^^  to  1,  or  995  to  1000  j 

liance,  in  order  to  moke  iq>  the  pound  for* enreiy  lQ00.mAasux«s.o(f  water,  we  mast  allow 
a005  measures  of  aiiguid  having  it  apeoifio  gfavliy>.of  ',096,    Now.lOQ5isithe<Mtme 

as  -53^ ;  it  is,  in  point  of  fact,  the  reciprocal  of  995,  or  imity  Sivided  by  995 ;  or  in 

oaO  '  j 

<d«»imak  10Q£.  I 

Thedecon)paBitbn>whioh  ensues  in  tike  jnwedijag  operation  hw  beenatudiedrb^  I 

the  late  Mr.  Everitt,*  according  to  whom  the  following  £hai|gos  oacur  ;-^  1 

/6rOaibon '^-;:^^^WowamHfASSBaams^taa^ 

,  eCaibon  .-.N^^^,,^---'^;^^^  of  ^tawiani.  (?) 

3  Nitrogen. 
"2  eq.PerrocyamdeJ'S  "Nitrogen . 
of  .'potassnun      j  8  ^Titrogen . 


:6«q.  Water  •.  .  . 

6  eq.  Siilifiiuric 
taoid 


1  PotaoiBium  ^ 
'l.flPotawiimis 
v2iron  . . .,./ 
1 3  £^dr^gen 
1 3  Oxygen 


6  JBSsnfaoqowue-ftcill. 
3  Bisulphate  of  potath. 


'THE  WEIMjS,  ' 

GluumctMdfltiMi  of  Katals.— Perfectly,  distinctive  .though  the  ohazactetiatieB-Qf  i 

metals  on  casual  observation  may  seem,  -and  whidh  indeed  is  true  ao  bug  as  we^oonfina  * 

our  attention  to  those  metals  which  ordinarily  csmkB  under  our  notice,  several  bodies  are  , 

known  to  ohemists  thcdaasification  of  which  is  by  no  means  eaegr ;  so  'thoroughly  do  ' 

they  unite  the,ptominant  characteristics  of>metallic  with  those  of  non?metallic  bodiea.  , 
Nearly  all  the  arbitral  qualities  which  at  various  .times  have '.been  associated  with 

metals,  theprAgressjof' chemical  discoyeryhas  in  turn  obliterated.  JLtjoneiimaaoertain  , 
lustrous  appaaranoe  was  thought  to  be  jxeceasarily  jchasactariatic  of.matals,;  but. to  this 
*  "Ebil.  3tog.." Feb. MSS. 
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quality  many  exceptions  are  Jmown.  Great  specific  giBvity,  again,  'wasiong^eoDsidered 
to  be  the  inyariable  concomitant  of  the  metallic  state ;  but  the  diseoveiy  of  .&e  alkalinp 
radicals— 7pota88imn  and  sodium — uniyeisally  accepted  asmetak,  annihilated  the 'dictum. 
Then,  again,  opacity  was  said  to  be  an  inyariable  quality  of  the  metallic  state ;  but 
gold-leaf  may  be  beaten  so  thin  as  to  admit  the  passage  of  light,  .not  through  little 
apertures  in  the  thinly-hammered  leaf,  but  through  the  subfttance  of 'the  metal.  This 
is  proyed  by  the  decomposition  which  white  light  undergoes  in  its  transit.  The  light 
which  passes  through  the  gold-leaf  is  invariably  green,  notwithstanding  that  the 
original  light  might  have  been  colourless.  With  the  exception  of  the  doubtful  example 
ofammoniumf  metals  have  never  been  decomposed.  The  alchemists  believed  that  metals 
were  compound  bodies,  and  might  be  mutually  transformed  amongst  themselves— the 
common  metals  into  silver  and  gold,  and  those  too  back  again.  !The  whole  tendenciy 
of  modem  chemistry  is  at  variance  with  this  assumption. 

As  regards  colour,  metals  present  but  little  variety.  Gold.is:the  only  yellow  metal, 
copper  and  titanium  are  red,  and  all  the  rest  are  more  or  less* white;  the  shade  of 
whiteness  varying  from  the  pure  dead  white  of  silver  to  the  bluish-gray  of  lead.  With 
respect  to  the  atate.of  their  physical  aggregation,  metals  diflEar-widely,  as  is  evidenced 
by  the  different  amount  of  malleability,  tenacity,  brittleness,  hardness,  and  softness 
possessed  by  diffeirent  metals.     Of  all  metals,  gold  is  the  most  malleable. 

Silver,  in  this  respect,  comes  next  to  gold ;  then  copper,  tin,  and  platinum.  Iron, 
palladium,  cadmiimi,  nickel,  lead,  potassium,  sodium,  and  mercury,  when  frozen,  are  all 
malleable.  Zinc  is  brittle  at  some  temperatures,  malleable  at  others.  The  most  brittle 
metaXs  are  arsenic  and-anidmonfy. 

The  amount  of  ductility  possessed  by  any  metal  is'correlaiive  with  its  tenacity  or 
power  of  being  drawn  out  into  fine  wire.  It  is  a  quality  somewhat  allied  to  malleabi- 
lity ;  however,  the  two  are  not  identical,  as  the  fdllowii^  arrangement,  in  which  eight 
metals  are  arranged  in  the  order  oftheir^tenacity,  will  prove :— 


Iron 

Gold 

Copper 

Zinc 

Platinum 

Tin 

iiilVBT 

Lead 

Tfaie  ^temdty^  ^g  Muffin  .m  mwMrared  <by  the  suspension  of  •weights'  until  the  wire 
breaks.    The  weights  are  for  each  wire  correlatiyeiwithits«teoflci^. 

The  density,  or  specific  gravity,  of  metals  varies  ibeturaen  Jwide  limits ;  platinum 
being  neaily  tweo^Mtne  .times  heavier  than  <w«tar,.potaeBium  lighter  >than  .miter  .in  the 
ratio  otlio  rSQ5.  Jhe.foUowing  table  joafpraBses  ihfi  densi^,  -or  fpQBificgiKvxIy,  .of 
;the  metals  :— 

iljpf <?i/fc  Gravity  qfMetais,     Temp.M"  JFah.  * 


.    20-98 

Arsenic   .. 

.      5-66 

Gold 

.     19-26 

Nickel     . 

.       8-28 

Tungsten 

.    17-60 

Iron 

.        .        .      779 

^MexwHiy  . 

.    1»«67 

Molybdenum 

.      ^'40 

Palladium 

.     11-30  to  11-8 

Tin.        . 

.        .      7-28 

Lead        .       ..        . 

.     11*35 

.Zinc 

.       ..     ♦j6'66to;7*l 

Silrer      . 

..     W)-i7 

Manganese 

.      670 

Bismuth  . 

.      9-82 

Antimony 

.      900 

Tellurium 

.      B^ll 

Copper     . 

.      8-89 

Titanium 

.      5-80 

Cadinium 

.      8-60              ) 

HSodium    . 

.        .        »WB 

Cobalt  • 

.     a-M 

(Polieasium. 

•                *60i5 
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Fusibility  of  Metals. — ^Fusibility  is  a  quality  common  most  probably  to  all 
metals.  Arsenic,  however,  when  heated  at  the  ordinary  atmospheric  pressure  changes 
from  the  solid  to  the  yaporous  condition,  without  passing  tturough  the  intermediate 
state  of  liquidity.  The  temperature  at  which  the  fusion  of  metals  occurs  yaries  between 
wide  Ihnits — from  mercury,  which  is  fluid  at  ordinary  atmospheric  temperatures,  to 
platinum  and  a  few  others,  which  are  infusible  at  the  highest  furnace  heats. 

The  following  table  indicates  the  fusion  point  of  metals : — 

FHA. 

Mercury — Zd'' 

Potassium ISG" 

Sodium 190° 

Tin 442° 

Cadmium about      442° 

Bismuth 497° 

Lead  ,        .        , 412° 

Tellurium  .        .   "     .        .        .    rather  less  fusible  than  lead. 

Arsenic unknown. 

Zinc 

Antimony just  below  redness: 

SUyer 1873° 

Copper 1996° 

Gold 2016° 

Cast  iron 2786° 

Pure  iron     \ 

Nickel 

Cobalt         S-  Fusible  by  the  greatest  heat  of  a  wind  furnace. 

Manganese 


Fusible  below  a  red  ^ 
heat. 


< 


Palladium 
Molybdenum  ^ 
Uranium 


Not  fusible  by  the  highest  furnace  heats :  fusible 
in  the  flame  of  hydro-oxygen  blow-pipe. 


Imperfectly  fusible  in  a  wind  furnace. 

Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
^  Columbium 

Iron,  platinum,  and  the  alkaline  metals  acquire  a  pasty  state  before  perfect  fusion, 
owing  to  which  property,  two  or  more  pieces  may  be  hammered  or  pressed  into  one. 
This  operation  is  termed  welding,  and  in  the  case  of  iron  and  platinum  it  is  turned  to 
practical  account.  Probably  all  metals  would  be  volatilized  if  a  sufficient  amount  of 
heat  could  be  applied.  Some  are  easily  volatilizable,  and  may,  therefore,  be  distilled  ; 
mercury,  arsenic,  and  tellurium  are  pre-eminent  in  this  respect,  both  passing  off  in 
vapour  at  temperatures  below  redness.  Potassium,  sodium,  zinc,  and  cadmium  are 
only  volatile  when  heated  to  redness. 

Chemical  Relations  of  Metals.^  Although  the  physical  properties  of  the 
metals  which  have  been  described  are  important  to  the  chemist,  nevertheless  it  is 
their  combining  properties  with  which  he  is  chiefly  concerned.  These  I  shall  now 
proceed  to  discuss. 

Direct  ChmMnatioM  of  the  MetaU  with  each  other, — ^The  greater  number  of  metals 
admit  of  being  fused  together  into  compound  metallic  masses,  to  which  the  general  term 
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alloy  is  applied,  proyided  mercury  do  not  form  part  of  the  combination,  in  which,  case 
the  term  amalgam  is  employed.  Metals  capable  of  being  alloyed  apparently  unite  in 
all  proportions ;  nevertheless,  a  tendency  to  a  definite  atomic  constitution  is  generally 
recognizable  ;  and  when  the  due  atomic  proportions  are  departed  from,  the  resulting 
compound  manifests  indications  of  being  a  mere  mixture. 

Combinations  of  the  Second  Degxee.— By  the  term  metallic  combina- 
tions of  the  second  degree  may  be  designated  the  results  of  the  union  of  metals 
with  non-metallic  elements,  such  as  oxygen,  chlorine,  sulphur,  silenium,  fluorine,  &c., 
constituting  oxides,  chlorides  or  chlorurets,  sulphides  or  sulphurets,  selenides  or 
seleniurets,  fluorides  or  fluorurets,  &c.  Of  these  the  combintions  of  metals  with 
oxygen  are  the  most  numerous  and  important.  The  due  understanding  of  chemical 
nomenclature,  as  at  present  followed,  depends  upon  their  fuU  appreciation*!  It  is, 
therefore,  necessary  to  treat  of  them  somewhat  in  detail. 

DUALITY   OB  OOMBININa  TENDENCY  OF  ELECTRO-FOSITIYE  AND  ELECTBO -NEGATIVE 

RADICALS. 

The  Acid  and  Basic  Function.-— The  most  superficial  investigation  of  chemical 
phenomena  will  render  evident  the  existence  of  two  functions  of  matter  chemically  con- 
sidered ;  functions  in  some  way  mutually  opposed,  but  correlative,  like  the  functions  of 
northness  and  southness  in  magnetic,  and  positive  and  negative  la  electrical  relations. 
To  define  these  functions,  to  systemiatise  them,  and  unravel  the  forces  which  determine 
them,  are  amongst  the  highest  aims  of  philosophic  chemistry,  and  have  occupied,  in 
succession,  all  the  master-minds  devoted  to  this  science.  In  endeavouring  to  present  the 
reader  with  an  outline  of  this  interesting  part  of  chemistry,  it  will  be  well  to  adopt,  pro'- 
visionally,  two  theories,  both  of  which  have  been  proved  incorrect,  but  which,  never- 
theless, have  left  such  a  deep  impress  on  the  structure  of  chemical  philosophy— liave  so 
identified  themselves  with  chemical  expressions,  and  associated  themselves  with 
cliemical  reasonings,  that  the  attempt  to  discard  them  altogether  produces  a  chaotic 
array  of  facts,  vague,  and  unsymmetricaL  The  hypotheses  here  adverted  to  are  the 
electro-chemical  tlieory  of  Davy,  and  the  acid  theory  of  Lavoisier. 

During  our  investigation  of  the  non-metallic  bodies,  we  have  seen  that  they  are 
impelled  by  the  force  of  affinity,  or  chemical  attraction,  to  combine  with  each  other ; 
but  we  have  hitherto  taken  no  account  of  .the  difference  of  function  as  between  two 
combining  elements.  In  discussing  the  class  of  metallic  bodies,  this  consideration 
will  present  itself  emphatically.  We  shall,  therefore,  do  well  to  acquire  some  consistent 
notions  respecting  it  at  once.  Perhaps  water  furnishes  the  best  starting-point  for  this 
train  of  inquiry.  Water,  the  reader  is  aware,  is  the  protoxide  of  hydrogen.  It  is  a 
compound  of  oxygen  with  hydrogen ;  and  if  water  be  decomposed  by  voltaic  electricity, 
its  oxygen  is  always  evolved  at  the  positive  pole,  or  extremity  of  the  battery,  its 
hjdrogen  being  evolved  at  the  other.  Accepting  as  true  the  electro-chemical  theory 
of  Davy,  oxygen  goes  to  the  positive  pole,  or  end  of  the  voltaic  battery,  because,  beiftg 
itself  negativiy  it  is  attracted  there,  hydrogen  going  to  the  negative  pole,  or  end,  because 
of  its  own  positive  condition.  Under  the  head  of  Electricity,  it  has  been  shown  that 
the  assumption  of  Davy  is  untenable.  Keither  oxygen  nor  hydrogen  go  to  tiieir 
resp^tive  poles  because  of  their  being  attracted  thither,  and  for  this  reason  the  term 
pole  loses  its  former  significance.  The  decomposition  of  water,  however,  by  voltaic 
agency  obvioiudy  points  to  the  existence  of  a  definite  duality  of  force— a  force  the 
direction  of  which  never  changes ;  consequentiy,  whatever  be  the  inaccuracy  of  the 
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electro-cllemical  theory,  the  term  eleetro-negatlye  may  be  applied  to  oxygen,  and 
ei'ectto-positlye  to  hydirogen,  -with  the  practiced  advantage  of  faoilltating  ^e  current  of 
onr  reasoning.  The  terms  anion  and'  eaihiony  as  I  have  Before  remarked'  (j^age  353)', 
inrolve  no  hypothesis,  and  are,  therefdre,  preferable  to  the  terms.  electro-negfitiYe  and 
electro-positLye ;  they  are  scarcely  so  ezpressiye,  hoveyer,,  and  haye  not  displaced 
the  terms  electro-positiye  and  electro-negatiye  in  practice. 

Bat  tiie  dliiality  of  power  which  determines  chemical  combination  assumes  its  most 
prominent  form,  and  manifests  its  strongest  energy,  when  compounds  are  concerned  ; 
hence,  at  a  yery  early  period  of  chemical  investigation,  arose  the  two  ezpressibns  "  acid** 
and  *'  base,**  as  indicative  of  these  dualities.  Of  acid  bodies  we  have  already  met  with 
several  examples  during  our  consideration  of  the  non-metallic  elements ;  of  bases, 
howeve/,  we  have  met  with  only  one-^af»moma.  The  metals  will  furnish  a  largp 
accession  to  this  class  of  bodies ;  in  point  of  fact,  the  basic  quality  predominates 
throughout  the  whole  metallic  series. 

If,  instead  of  water,  an  aqueous  solution,  oontoining  the  elements  represented  in  the 
subjoined  table,  be  exposed  to  voltaic  agency,  decomposition  again  ensues,  and-  the 
various  elements  resolve  themselves  into  two  groups,  as  represented  by  the  brackets. 
From  a  casual  examination  of  these  groups,  it  will  be  seen  that  the  first  correiE^onds 
with  sulphuric  acid,  the  second  with  ammonia. 


Sl^      terminal,   or 


I  Hydh)gen 
1>  Hydrogen 
1  Hydrogen 
1  I^itrogen 


Go  to  negative 
tficminal^  or<  oai&odai 


Aoeepting  the  e^detio»  of  this  deeompontion,  we  sffo  driyento  the  neoessctyof 
coDclading  ttiatthe  single  elements  entodng  into  scdphsAo  of  ammonia  do  not  unite 
into  ono  mass,  if  the  expression  be  petnisBible ;  bat  that  they  begin  by  asaoeiatfng' 
themselyes  with  ottier  elements  impressed  witii  similar  energy,  and  end  by  forming 
the  compcmnd  dual  arrangement — suJ^haterof  ammonia: 

By  far  the  largest  portion  of  bodies  into  which  various  elements  enter,  may  be 
resolved;  iiito  these  compound  dual  groups  by  voltaic  energy ;  and  Airtilier  examination 
will  demonstrate  these  groups  to  possess  many  properties  in  common.  For  example, 
nearly  aU  the  groups  which  go  to  the  positive  pole  or  temrinai  (anode)  of  the  voltido 
arrangement  are  sour  to  the  taste,  and  redden  blue  litmus  paper ;  whilst  all  the  groups 
which  go  to  the  negative  pole,  or  terminal  (cathode)  of  the  arrangement,  are  totally 
devoid  of  sourness  :  on  the  contrary,  many  of  them  have  a-fistinctive  taste  of  their 
own,  and  which  assumes  its  highest  characteristic  nature  in,  the  alkaliesj  potash  and 
sodii;  None  of  them  redden  litmus-paper;  but,  on  tiie  contraryj  change  paper  wMch 
ha»  been  thus  reddenedj  back  to  its  original  blue  colour ;  and,  finally,  they  aU.  possess- 
a  remarkable  tendency  to  unite  with  bodies  of  the  former  dual  group,  generating 
resulting  bodies  to  which  the  generic  name  salt  is  applied.  R  wiU  be  readily  seen, 
therefore,  that  the  general  term  acid,  may  be  applied  wiUh.  great  propriety  to  that  class 
of  compound  bodies  called — in  respect  of  its  voltaic  relations' — electro-negatrye,  or 
aniom,  and  base  to  electro-positives  ovcathions.  Although,  therefore,  aU"  salts  are  not 
necessarily  compounds  of  an  acid  with  a  base,  nevertheless  every  compound  of  an 
acid  with  a  base  is  a  salt  (page  352). 

I  have  already  explained  (page  352),  l^at  the  first  or  original  type  of  saEne  bodies' 
was  common  salt,  a  body  which  was  supposed  to  contain  an  oxygen  acid  and  a  base; 
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but  wMcE  is  now  demonatratodio  contadnohlorine  andeodium'meiBly..  It  has  been  also 
remarked  Hiat  ike conslitatlon.of  aearealty  md  other  bodiet  of  th»^ so^^aliadkyidbsacid or 
.  haloid  (page  352);  group,  ia  irrfioonoilabls'with  the  theory  of.  oxygen  add  aaUa^-sid  thafe 
the  tendency  of  modem  chemistry  ia  to  elayate.'the  ftumeiiy  eaeeptional  hHlirid:oaPBtittt«> 
tion  into  the  type,  and  refer  all  salts  to  that  standard.  But  the  reader  of  the.  preceding 
few  pages  may  ask  how  are  chemists  to  make  this  liieory,  aooommodate  itself  to  facts  as 
they  are?  What  ia  the  evideneor  to.  warrant  our  aarivingTSt  the  startling  conclusion 
that  the  compound  termed-  sulphate  of  ammonia  is*  no^  a  oompound  of-  sulfihuao.  acid 
and  ammonia  ?  If  we  add  sulphuric  acid  to  a  solution  of'  ammonia^  do  not  the  two 
combine,  and  do  we  not  get  sulphate  of  ammonia  on<  evaporation  ?  FurtheKmosej  haye 
we  not  seen  that  on  decomposing  sulphate  of  ammonia  by  voltaic  electricity,,  we 
aotuidly  s^arsto'  the  sulphate  of  ammonia  into-  its  two  constituents— sulphuric  acid 
and  aBl]Xloma^  Speeious'  though  t&is'  reasoning  may  appear,  it  testifies  nothings  in 
favour  o£  the  existenee  of  the  so'-eidledi  compound  of' sulphuric  acid'witil  ammonia. 

Qiasnrong  at  t^a^  eomimition  of  this  salt,  the  first  point  that  strikes  us  is  the 
exiateBco  of  one  stom'  of  water.  Witihout  water,  sulphate  of  aanmonia  cannot  exist. 
So<  natoii,  tihen,  m.  regasdli^  the-  synltietic  fbrmotion  of  the  salt:  now  a  few  words 
canoixming  the  phenomon«  of  its  voltedc  decomposition.  Although  the  results  of  this 
deoompositibn  are  scdphmiB  aedd^on-  one  side,  and'  ammonia  on  the  other,  yet  one  fact^ 
hasrbeen  ovedookeid;  Sinraltbneou^  wiiti  l£e  decomposition  of  sulphate  of  ammonia 
tharo iBtdeoompo&itiosof water,  hydirogen  being  evolved  at  the  cathode  or  negative 
psde^  and  oxygen,  ait  1^0-  anode  or' positrrs:  BTiaving' thus  investigated*  the  supposed 
evid&ioe  in.  fharouF  of  the  effistmioe  of  stdphate-  of  ammonia  as  an  actual  compound  of 
sulphuric  acid  and  ammonia,  we  find  the  tendency  of  this  evidence  to  be  lathe  opposite 
direotlon.  We  are  aUnost  constrained,  theiefbre,  to  believe  in  the  existence  of 
ammonium  SN4,  and  a  combining  graup  of  BO^  ;  and  this  admitted,  we  establish  a 
parallelism  between  ozyacid  and  haloid  sidts';  or  rather  we  abolish  the  speciality  of  the 
former.  This  ia  callfeddie  binary  or  the  hydrogen  theory  of  salts.  The  predominant  idea 
on  which  it  is  based*  is  the  reeognitibn  of  the  quasi-metallic  property  of  hydrogen,  a 
property  in.virtaia-  of  wMoh  it  oan  replace  a  metal  in  combination.  According  to  this 
view,  hydrated' sulphuric  acid' will  be  composed  of  hydlrogen  plus  the  radical  SO4,  and 
for  which  the  names  mlphaibxiffgm  and  aulphosnon  have  been  proposed ;  thus,  mono- 
hydrate  of  sulphuric  aeid,  according  to  this  view^  is  sulphatoxide  of  hydrogen,  and 
sulphate  of  ammonia,  with  one.  atom  of  water,  sulphatoxide  of  ammonium.  In  like 
manner,  we  should  have  sulphatoxide  of  barium  instead  of  sulphate  of  baryta,  and  so 
on  for  other  bases. 

Objections  to  tiko  Binazy  Theovyi — ^Various  objections  have  been  adduced  to 
the  theory  in  question.  The  priaoipalis  the  UBCflwity  which  would.' arise  fop  assuming 
the  existence  of  numerous  compound  radicals  wMch  had  nerrer  been  obtained.  But 
this  objection  applies  to  many  snbstanees  recognised  by  our  present  nomenclature. 
Keither  oxalic  acid  nor  acetic  add  has  been  obtiEuned  deprived  of  water,  or  at  least  the 
elements  of  water ;  and,  a  few  years  since,  nitrie  aeid  belonged  to  the  same  category. 
The  real  objection  to  the  binaoy  or  hydrogen  theauy  is  practi»al,  not  theoretical.  So 
firmly  has  the  nomenclature  of  Lavoisier  established  itself  and  so  accordant  is  it  wii^  our 
ordinary  appreciations,  that  l^e  abolition  of  this  nomenclature-  in  favour  of  any  other, 
however  philosophically  appropriate,  wouJd  be  attended  with  enormous  dSlBculties. 

Advantages  of  the  Mgirogtn  ost  Binary  Theory  of  /Safta.— (1).  It  reduces  all  saline 
bodies  to  one  category,  whereas  the  old  theory  necessitates  several. 
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(2).  It  furnishes  an  intelligible  reason  for  the  remarkable  law  in  the  constitution 
of  neutral  or  perfect  salts,  that  whatever  number  of  atoms  of  oxygen  a  base  contains,  a 
salt  of  that  base  must  haye  an  equal  number  of  atoms  of  acid.  This  law  is  illustrated 
by  the  appended  general  formulas  of  neutral  sulphates. 


As  consisting  of  oxide 
and  acid, 

MO    +    SO3  . 

M^O  +    SO3  . 

MO2+2SO3  . 

M2O3  +  3SO3  . 


As  consisting  of  metal 
and  salt  radical. 


M  +    SO4  Example :  Sulphate  of  soda. 
M   +    SO4  „         Sulphate  of  suboxide  of  mercury. 

M  +  2SO4  „         Suphate  of  peroxide  of  mercury. 

M2  +  3SO4  „         Sulphate  of  peroxide  of  iron. 


(3).  It  accords  better  than  the  old  theory  with  the  results  of  voltaic  decomposition. 

Neutrdly  Super,,  and  Sub  Salts. — The  term  neutral  salt  employed  above  renders  an 
explanation  of  that  term  necessary,  also  the  expressions  super  and  sub  salt  necessary. 
Blue  litmus-paper,  or  tincture  of  litmus,  is,  as  we  have  seen,  a  test  of  acidity,  nearly 
all  soluble  acids  changing  the  blue  to  red.  If,  then,  on  testing  the  solution  of  a  salt, 
it  is  found  to  turn  blue  litmus-paper  red,  the  inference  will  be,  according  to  the  evidence 
of  the  test  before  us,  that  the  salt  in  question  contains  an  excess  of  acid ;  according, 
therefore,  to  the  evidence  before  us,  it  may  be  said  to  be  a  «t^r  salt.  In  like  manner, 
if  a  salt  possesses  the  opposite  reaction,  changing  reddened  Utmus-paper  to  its  original 
blue  condition,  and  affecting  turmeric  paper  brown,  then,  according  to  the  evidence 
before  us,  the  base  may  be  said  to  predominate ;  and,  finally,  if  a  salt  neither  affect 
litmus  nor  turmeric  paper,  it  may  be  said,  according  to  the  evidence  thus  deduced,  to 
be  neutral. 

The  two  expressions,  super  and  sub^  are  now  seldom  used,  except  when  the  atomic 
composition  of  a  salt  is  unknown,  though  the  excess  of  base  or  of  acid,  as  the  case 
may  be,  has  been  clearly  made  out.  Litmus  and  turmeric  papers  are  found  to  be 
fallacious  as  indicative  of  excess  of  base  and  acid  in  saline  bodies.  A  neutral  salt  is 
now  considered  to  be  a  compound  made  up  of  a  single  atom  of  acid,  combined  with  a 
single  atom  of  base.  The  class  of  subsalts  is  now  generally  termed  basic  salts,  because 
the  base  predominates ;  and  if  the  number  of  atoms  of  a  base  entering  into  the  consti- 
tution of  a  basic  salt  have  to  be  indicated,  this  is  effected  by  employment  of  the 
Greek  numerals  <?w,  tris^  teirakis,  pente,  &c. ;  conversely,  the  number  of  atoms  of  acid 
entering  into  the  composition  of  an  acid  salt  is  now  expressed  by  the  Latin  numerals 
bij  triy  &c. 

KALEQENOUS  METALS — POTASSIUM. 

Equivalent  or  atomic  weight    .        .        .     39*2. 

General  Renuurks. — Potassium  was  discovered  by  Sir  H.  Davy.  It  never  occurs 
native  or  pure,  on  account  of  its  great  tendency  to  unite  with  other  bodies,  especially 
oxygen.  Its  compounds  are  very  extensively  diffused,  both  in  the  inorganic  and 
the  organic^  kingdoms.  Many  crystallized  ro<^s  contain  potash  (oxide  of  potassium) 
united  with  silicic  acid ;  potash  also  enters  into  the  composition  of  soils ;  but  it  is  in 
the  constituents  of  animal  and  vegetable  beings  that  the  most  extensive  diffusion  of 
potassium  compounds  is  recognised.  All  the  potash  which  under  various  guises  finds 
its  way  into  commerce  is,  in  point  of  &ct,  derived  from  the  ashes  of  land  vegetables. 

Preparatum.--(l.)  Potassium  was  originally  developed  by  transmitting  a  current  of 
voltaic  electricity  through  hydrate  of  potash  (fiised  potash),  slightiy  moistened,  in 
order  to  increase  its  conducting  power.    Under  these  circumstances,  water  and  potash 
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^1 


(oxide  of  potassium)  were  simultaneously  decomposed,  hydrogen  and  potassium  "being 
liberated  at  the  negatiye  pole  or  extremity  (cathode)  of  the  battery,  and  oxygen  at  the 
positive  (anode). 

(2.)  The  preceding  operation  yields  potassium  in  small  quantities  only ;  to  procure 
it  in  bulk  the  following  process  was  next  devised : — 

An  iron  tube  (gun-barrel  or  piece  of  gas-pipe),  AB,  having  been  bent  as  represented 
in  the  appended  sketch,  is  charged  with  iron  turnings  from  A  to  a,  and  with  fused 
potash  from  a  to  B ;  afterwards,  the  portion  of  the  tube  from  A  to  a  is  covered  with  a 
lute  of  refractory 
clay,  that  it  may         _b 
withstand        the 
high  furnace-heat 
to  which  it  will 
be  next  exposed. 
The   parts    1    2, 
disjoined  from  the 
main  tube  in  the 

sketch,  are  for  the  purpose  of  enabling  the  tubular  channel  to  be  cleared,  when  neces- 
sary, from  impediments. 

The  tube  having  been  charged  and  prepared  as  described,  is  next  passed  through  a 
furnace  from  A  to  a,  the  remaining  portion,  from  a  to  B,  being  exposed.    When  the 
furnace  heat  has  been  well  raised,  and  the  luted  portion  of  the  tube  has  been  brought 
to  a  white  heat,  a  wire  basket,  containing  ignited  charcoal,  is  hung  underneath  the 
tube  from  a  to  B,  in  order  that  the  hydrate  of  potash  (potassa  fusa)  may  be  liquefied. 
No  sooner  is  this  accomplished,  that  the  fused  material,  percolating  through  the  iron 
fragments  extending  from  a  to  A,  is  decomposed — the  oxygen  of  ike  fused  potash,  as 
also  the  oxygen  of  its  water  of  combination,  uniting  with  iron  to  form  iron  and  potas- 
sium,   and    the 
hydrogen  escap- 
ing.   The  latter 
passes  into   the 
air,  and  the  for- 
mer remains  in 
the  receiving  ves- 
sel, 0,  containing 
naphtha,  a  liquid 
which,  not  hav- 
ing any  oxygen 
in  its   composi- 
tion, is  unable  to 
convert     potas- 
sium  into  potash. 
One   portion 
of  this   appara- 
tus yet  remains 
to  be  described ; 
it  is  the  tubular  appendix,  t,  which  dips  below  the  suifftce  of  meroory  in  a  glass.    Tb« 
ftmction  of  this  appendage  is  as  follows :— Occasionally  the  ignition-tiibe,  notwithstand- 
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ing  all  the  operator's  care,  becomes  clQjg^ged,  of  wiuch  it  is  desirable  tlbat  8(»Daiiidicittion 
should  be  xecognizahle,  otherwise  the  ^ube  might  bursti  fixid  n  seyjoceftcoident  be  the  c(^- 
sequence.  The  appendage  t,  with  its  associated  mercury,  at  once  suppliosihe  indication 
of  stoppage,  ,aAd  o^id&tes  danger,  aUowiiig  any  yaj^gisfam  ^oalter  jU)-s9«cm|^  hvt  pre- 
yenting  the  access  of  atmospheric  air. 

(3.)  By  lar  the  most  eligible  process  for  obtaining  potaanwn  in  lacge  .quantities  is 
by  dlBtiUing  a  ny^tuiae  of  carbonate  of  potash  aod  chaiicoal  (c^bon).  The  o^ration  is 
usually  conducted  by  means.of  a  wrought-iron  bottle  coated  math  luting-x-a  quidEsihrer 
bottle,  such  as  was  directed  to  be  employed  in  the  manufacture  of  oxygan  g^  answers 
the  purpose  well.  It  is  arranged  horizontally  in  a  furnace,  as  represiaDted  below. 
During  the  process  of  potassium  manufacture  by  <^iati\l^  a  mixipre  of  eaiiioiiate 

^Off  ipotash  and  ohfVGoal,  two  peeu- 
iiar  salts  of  potash  axe  fonned, 
namely,  the  crocoiMite,  and  riho- 
dizonate  of  pQjbash.  Potasaiiim, 
if  required  in  a  state  of  absajbite 
purity,  must  be  ze-distillad  in  an 
ixon  retoEt  oontaining  naphtha. 

Propertita.-^A  white  metal, 
haying  a  yellowish  tint,   some- 
thing like  tiiat  of  sUyer.    At  oocdi- 
;pary  atmospheric  iompeiratujBiEis  It 
is  inft,  and  two  pieces  may  be 
xeadilj  piessed  (welded)  into  <Mae 
i$^ff/d  89^).    'Wlien  cooled  down 
to  ^°  Fah,,  jit  is  cvystajline,  and 
brittle.    Its 'fusing  point  is  160°, 
and  at  150°  it  passes  into  yapour, 
and  may  be  distilled.   In  an  atmo- 
sphere of  hydrogen  or  nitrogen 
gas,  potassium  retains  its  metallic 
lustre,  but  it  cannot  long  be  exposed  to  the  air  wj[lbQ#  becoming  incrusted  with  a 
pulyerulent  layer  of  oxide  (potash).    The  tenden^  of  psi^^um  to  unite  with  oxygen 
is  yery  strong ;  it  must,  therefore,  be  preseryed  in  naphlMy  a  fluid  which  contains  no 
oxygen,  or  else  in  an  atmosphere  of  non-oxygenous  gas^  m^  ap  nitrogen  or  hydrogen. 
Wh^  thrown  upon  the  surface  of  watei*,  on  ^vd^i^^^fladbl,  tvtice,  it  jteesonts  the  phe- 
nomenon, extraordinary  under  the  circumstances,  of  eonlbiwiEiivi  j  potash  lofimg  fonned 
and  xet^ined  in  solution  by  the  water,  and  h^^^en  makiM,    The^^Moific  grayily  of 
potassium  is  only  '865. 

Compouads  of  Potassim  with  taMB;em— IfibMse  are  two  compounds  of 
potassium  with  oxygen:  the  protoxide  (potash^^ometimflU  4^ed  potass  or  pc^asaa), 
and  the  iie»)«fite. 

Protoxide  (potash)  KO. 

Preparation, — ^Absolut^  $me  ^XQMfl9»  of  potaeedun^  .w^^MlMh,^  obtsdned  with 
difficulty,  though  its  monohydrate,  fused  potash,  can  be  prepared  with  ease.  When 
potassium  is  burned  in  a  current  of  perfecliy  diy  oxygen  gas,  it  is  not  the  protoxide 
(potash)  or  KO  which  results^  but  the  peroxide  or  iKOg.  If,  howeyer,  vtwice  the  weight 
of  potassium  already  held  by  this  compound  be  mixed  with  it,  and  the  whole  heated  in 
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a  currexit  of  xdtrogen  gas,  a  fionponnd  made  up  d  equal  equivalents  of  oxygen  and 
potassium  Eosults.  This  is  the  protoxide  of  potasnum,  or  potash.  When  this  oxide  is 
dissolved  in  water,  an  ordinary  aqueous  solution  of  potash  is  obtained;  but  no  known 
amount  of  heat  can  drive  off  the  whole  of  the  water,  one  atom  for  each  atom  of  potash 
obstinately  xemaudng,  and  coBstituting  the  monohydrate  of  potash,  or  ordinary  potassa 
fusa.  The  two  oxides  of  potassium  differ  widely  as  to  their  importance :  one,  the 
peroxide,  is  a  mere  chendcal  <}uriosity,  applied  to  no  useful  pxurpose  whatever ;  the 
other,  poUmhf  being  a  powerful  base,  and  entering  with  acids  into  inniunerable  combi- 
nations. 

The  description  of  potassium  and  its  oxides  just  given  is  strictly  accordant  with  a 
synthetical  examination  of  these  bodies ;  but,  practically,  the  order  of  producing  them 
must  necessarily  be  revened,  ioasmveh  as  potassitfia  dties  not  luitiimiiy  wUcxa,  The 
practieal  order  of  prodnctton  is  f»  feBows : — In  tlie  first  place,  Imd  pkirts — the 
source  t>f  potash — eontain  that  alkali  m  eombinatiaa  with  numerous  vegetable  acids. 
When  these  land  plantsare  burned,  the  vegetable  flsits  of  p^tai^  aire  4eo6npesed,  beii^ 
changed  into  carboniites.  tHwee  caztoiates  are  obtained  by  IsmiatiDn  -of  th«  vegetable 
ashes,  filtration  of  the  lixiviated  matter,  and  evaporatien.  The  result  is  carbonate  of 
potash,  contaminated  with  rariotts  impurities,  most  of  which  can  be  removed  b^ 
re-solution,  filtration,  and  evaporation. 

Pure  carbonate  of  potash  being  liius  obtained,  it  is  dissolved  in  water,  mixed  witih 
quickHme,  boiled,  and  filtered.  The  residt  is  a  -solution  of  petadi,  or  rather  hydrate 
of  potash  in  water.  The  decomposing  agency  of  lime  is  simply  to  this  effect :— -It 
combines  wil^  carbonic  acid,  and  forms  carbonate  of  lime,  which  precipitates,  leaving 
the  solution  of  hydrate  of  pota^  alone.  Hiis  solution  may  be  freed  from  the  carbonate 
of  lime  either  by  deposition  or  by  filtration ;  if  the  whole  of  the  carbonic  acid  has 
been  removed,  the  solution  wiH  not  effervesce  on  Ihe  additicm  of  hydrochloric  acid. 
The  next  operation  consists  in  driving  off  as  much  of  the  water  as  possible ;  and  this 
is  effected  by  evaporation  in  a  vessel  of  clean  iron,  or,  still  better,  of  silver.  Proceed- 
ing thus  with  the  evaporative  process  until  its  farthest  limits  are  reached,  a  solid 
matter  is  obtained,  which  no  further  degree  of  heat  can  deprive  d  water,  but  which 
fuses,  and  may  be  cast  into  moulds.  This  material  is  l&e  monohydrate  ^  potash,  and 
it  is  from  this  that  potassium  was  originally  prepared  by  voltaic  agency.  The  second 
hydrate  of  potash  is  a  crystalline  compound,  which  fi)rms,  under  some  cireumstanees, 
in  aqueous  solutions  of  the  monohydrate  of  potash,  but  which  is  applied  to  no  useful 
purpose. 

Monohydrate  of  potasfli  has  an  extreme  tendency  to  unite  witii  water ;  a  portion  of 
it  if  exposed  to  the  atmospere,  even  in  the  hottest  weather,  absorbs  aqueous  vapour, 
and  changes 'to  a  syrupy  liquid.  It  also  absorbs  carbonic  acid,  and  is  frequentiy 
employed  for  this  purpose  in  many  chemical  operations.  Hydrate  of  pota^,  when 
cast  into  the  form  of  sticks,  is  employed  by  surgeons  as  a  pow^ul  caustic. 

Few  potash  combinations  are  soluUe  in  alcohol,  but  monohydrate  of  potash 
is  an  exception  to  the  rule ;  it  dissolves  in  alcohol  readily,  and  by  taking  advan- 
tage of  iihis  property,  it  may  be  separated  from  carbonate  of  potash  and  many  othw 
impuritieB. 

Inasmuch  as  the  specific  gravity  of  a  solution  of  hydrate  of  potash  increases  with 
the  amount  of  hydrate  present,  the  strength  of  a  solution  of  this  kind  will  be  propor- 
tionate with  the  quantity  of  hydrate  present.  The  appended  table  indicates  the 
relation  between -tti  two. 
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Density. 

Per  centagre  of 
real  Alkali. 

Density. 

Per  centage  of 
real  Alkali. 

1-68 

51-2 

1-33 

26-3 

1-60 

.        46-7 

1-28 

.        23-4 

1-52 

42-9 

1-23 

19-6 

1-47 

39-6 

1-19 

16-2 

1-44 

36-8 

115 

130 

1-42 

34-4 

111 

9-5 

1-39 

32-4 

106 

4-7 

1-36 

29-4 

CABBONATES. 

Salts  of  Potash. — ^There  are,  at  least,  three  carbonates  of  potash,  probably  more. 
They  are  the  mono-carbonate,  the  bi-carbonate,  and  the  sesqui-carbonate.  The  names 
indicative  of  the  two  former  require  no  explanatory  comment ;  the  latter  is  so  called 
from  the  Latin  expression  sesqui,  one  and  a-half,  because  its  composition  accords  with 
the  sjrmbol  KO  l^COs,  or,  what  amounts  to  the  same,  2K0  3GO2. 

Neutral,  or  Manocarhonate  of  Fotash^  KO,  00,  2H0.— -This  salt  is  prepared  in 
large  quantities  by  lixiviating  the  ashes  of  land  plants,  as  already  described.  In  its 
impure  condition  it  is  termed  crude  potash ;  but  when  a  little  further  purified  the 
name  pearlash  is  given  to  it.  Absolutely  pure  carbonate  of  potash,  however,  is  best 
prepared  by  igniting  in  a  platinum  or  silver  crucible  pure  bitartrate,  or  binoxalate  of 
potash. 

Bicarbonate  and  Sesguiearbonaie  of  Fotashj  KO,  COj  +  HO,  COj,  are  both  pre- 
pared by  transmitting  a  stream  of  carbonic  acid  through  a  solution  of  monocarbonate 
of  potash. 

Nitrate  of  Potash  (Nitre  or  Saltpetre),  KO,  NO5.— Next  to  the  carbonates,  this  is, 
perhaps,  the  most  important  of  all  potash  salts.  It  is  used  in  the  manufacture  of  nitric 
acid,  and  of  gunpowder ;  it  also  is  employed  in  numerous  operations  of  chemistry, 
metallurgy,  and  the  manufacturing  arts. 

Nitre  occurs  as  a  natural  product  in  many  parts  of  the  world ;  it  may  be  also 
generated  artificially.  We  obtain  all  our  nitre  from  India,  where  it  occurs  as  a  natural 
efflorescence  on  the  ground  in  certain  localities.  Other  nations,  less  favoured  than 
ourselves  in  this  respect,  produce  their  nitre  by  an  operation  which  will  presentiy  be 
described.  Nitre,  as  it  is  imported  from  India,  contains  many  impurities,  from  which 
it  has  to  be  separated  before  employment  in  the  gunpowder  manufacture,  the  manu- 
facture of  nitric  acid,  and  most  other  purposes.  Mechanical  impurities  may  be 
obviously  separated  by  solution  and  filtration.  Lime  is  separated  by  the  addition  of 
carbonate  of  potash,  which  throws  down  carbonate  of  lime,  and  common  salt  is 
separated  by  frequent  re-crystallizations.  Crystals  of  nitrate  of  potash  are  anhydrous ; 
their  form  is  that  of  six-sided  prisms,  with  dihedral  summits. 

An  aqueous  solution  of  nitre  neither  acts  on  litmus  nor  turmeric  paper.  It  is 
soluble  in  seven  times  its  own  weight  of  water  at  60°  Fah.,  and  in  its  own  weight  of 
boiling  water.  At  a  heat  somewhat  below  redness  it  melts,  and  if  the  heat  be  pushed 
farther  it  is  decomposed,  yielding  oxygen,  binoxide  of  nitrogen,  and  many  complex 
products. 

The  chemical  agency  of  nitrate  of  potash  has  reference  to  the  large  amount  of 
oxygen  which  it  contains  (six  atoms),  and  the  facility  with  which  the  latter  is  yielded 
up  to  deoxidising  bodies.    In  many  cases  the  act  of  imparting  oxygen  is  attended  with 
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combustion,  as,  for  mstance,  when  nitre  is  projected  on  red-hot  coals.  The  phenomenon 
in  question  is  termed  deflagration.  The  theory  of  gunpowder  as  an  ezplosiTe  agent  is 
ezplioable  by  a  consideration  of  these  facts :  gunpowder  is  a  mechanical  mixture  of 
nitre  with  sulphur  and  charcoal  in  different  proportions,  according  as  the  result  may 
be  desired  more  or  less  strong  for  its  various  purposes.  The  results  of  the  combustion 
of  gunpowder  Tary  for  different  specimens.  In  general  terms,  they  may  be  said  to 
consist  of  sulphuret  of  potassium,  solid,  and  carbonic  <^de,  carbonic  acid,  nitrogen,  and 
binozlde  of  nitrogen,  gaseous.  Great  pain  is  taken  to  obtain  nitre  in  the  state  of 
absolute  purity  before  employing  it  as  an  ingredient  of  gunpowder.  The  most 
injurious  contamination  that  it  can  contain  is  common  salt,  a  body  which  not  only 
absorbs  hygrometric  moisture,  and  thus  tends  to  wet  the  gunpowder,  but  which,  by 
taking  no  part  in  combustion,  weakens  the  explosiye  violence.  If  the  filtrate  or 
filtered  liquor  fix)m  gunpowder,  which  has  been  rubbed  up  with  water,  yield  with 
nitrate  of  silver  solution  a  white  precipitate  soluble  in  ammonia,  but  insoluble  in 
nitric  acid,  the  presence  of  chlorine  is  demonstrated,  and  the  existence  in  it  of  common 
salt  may  be  inferred. 

ArtiJIcial  Production  of  Nitre. — ^If  the  floor  of  stables,  the  droppings  of  dove-cots, 
or  similar  materials  rich  in  animal  matters,  be  exposed  to  the  air,  the  nitrogenous 
matters  which  they  contain  in  the  form  of  ammoniacal  salts  absorb  oxygen  in  the 
requisite  proportions  to  form  nitrate  of  ammonia,  which,  by  the  addition  of  carbonate 
of  potash,  becomes  changed  into  nitrate  of  potash.  If  carbonate  of  lime  be  present  in 
the  animal  refuse,  nitrate  of  lime  is  formed  simultaneously  with  nitrate  of  ammonia, 
and  is  in  like  manner  decomposed  by  the  addition  of  carbonate  of  potash.  The  method 
of  generating  nitre  artificially  was  discovered  in  France ;  the  process  is  still  carried 
on  there,  as  well  as  in  many  other  continental  nations;  In  Sweden,  each  farmer  pays 
a  nitre  tax  in  kind,  not  being  allowed  by  his  laws  to  compound  for  it  by  money. 

Sulphate  of  Potash,  KO,  SO3.— This  salt  may  be  made  directly  by  the  addition  of 
sulphuric  add  to  hydrate  of  potash  or  carbonate  of  potash  in  single  atomic  proportions, 
subsequently  evaporating  the  residue  until  crystals  form ;  but  it  occurs  collaterally  in 
several  chemical  operations.  Thus,  for  instance,  when  nitric  acid  is  prepared  by 
distilUng  nitre  with  oil  of  vitriol,  decomposition  ensues,  nitric  acid  being  evolved,  and 
sulphuric  acid  formed.  Sulphate  of  potash  is  soluble  in  ten  parts  of  cold  water; 
boiling  water,  however,  absorbs  a  much  larger  quantity.  Its  solution  does  not  affect 
test  paper.    Sulphate  of  potash  is  anhydrous,  and  quite  insoluble  in  alcohol. 

JBitulphaU  of  Potash,  KO,  SO3  +  HOSOg.— When  the  preceding  salt  is  mixed  with 
a  sufficient  amount  of  oil  of  vitriol  to  furnish  a  second  equivalent  of  sulphuric  acid, 
the  result  evaporated  to  dryness,  fused  in  a  platinum  vessel,  and  finally  re-evaporated, 
crystals  of  bisulphate  of  potash  are  formed.  They  are  flattened  rhombic  prisms,  much 
more  soluble  in  water  than  the  preceding  salt.  There  is  also  an  anhydrous  modifica^ 
tion  of  sulphate  of  potash  formed  by  dissolving  equal  weights  of  the  mono,  or  neutral 
sulphate,  and  oil  of  vitriol  in  a  little  warm  water,  and  retaining  the  mixture  cool  until 
crystals  form.  If  the  crystals  of  this  salt  be  allowed  to  remain  for  some  days  m  the 
original  solution,  or  if  a  larger  quantity  of  water  be  added,  they  disappear,  and  the 
ordinary  hydrated  bisulphate  results.  A  sesquisulphate  of  potash,  2K0,  SO,  +  HO, SO3, 
has  also  been  described  by  Mr.  Phillips.  He  obtained  it  from  the  nitric  acid  residues ; 
but  M.  Jacquelin  has  been  unable  to  generate  it. 

Chlorate  of  Potash. — ^The  general  characteristics  of  this  salt  have  already  been  des- 
cribed (page  362).    It  is  made  as  follows : — A  saturated  warm  solution  of  carbonate  of 
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potMh  ia  unttor  beinippvepHBecl,  ohloiaBft  gpfti&paHcd  Into  it  mtil^  no  MDie io.  dMMlred. 
Tliet  BolutiOB  k  neoet  ewpozated  until  a.  fila  sppeai%  uuL  sot  aada  ^  cr^iteUise; 
(Sdorateof  petad^d^i^^eQBtnnliiflt^  i'Eem 

tkehittaritznay  1m mpamtod  bf^  two  or  tfaxee  aolntionfl  aai  rBHiiylriTiiratJCM.  If 
the  in0l3i8r4iqpioir£roBfc  -which  thi»  crop  of  ehltstate  oi  potarit  hat  deposted  1>0. 6f«po- 
»t0i  skill  zoero,  afitrther  erop  00  dblorate  of  potash^  stUl  more  injure  tkast  tiiA  last, 
xawf  1»»  oMttmad.  Finally,  afajl  forthec  ^raporatdoii  datflcminea  the  fbrnuttitni  of 
crystab  o^ddodde  o^  potttsixuB  almoet  pure.  Chlorate  oi  petasfa.  «B7«taUiae8  in  flat, 
aaihydroiis,  tulmkr  ianns ;  Hiey  axe  solable  in  about  twenty  parts  o£  oold,  and  about 
two;  of  boi£iig  wataii:  The  general  analogy  between  ohleratey  niteate,  iodate,  and 
btomate  of  potash,,  has  been  indicated  at  pa^  317*.  Seretal  attempts  wein mode^  at  a 
ftfmer  period^  to  substitnte  chlorate  o£  pcrtaeh  for  nitre:  in;  the  manufaeture  of  ffmr 
pMrder ;  the  zeBoltittg  eomponnd,  how«rer,  is  far  ioo  dan^srous:  for  pnaotiae^-^  nadily 
explodes  on.  peaooaaion^.  whiUti  gonpowder  does,  not  nfluaUyr  eaqslode^  eaoeept  fire  be 
acfbiallyappliedL. 

Perehlorate  of  Potashj  KO,  CIO.— Under  the  head  oipereKlorie  ddU^^aTpagaEafifiyliie: 
pvooesfr  foe  manofiietuiaiig^  thiS'  aalt  has  ahseady  been  deancibed.  Ilr  is  efaaraetenaedby 
ft  degeee  of  insolubility  for  a  potadi.  salt,  eaeh  pait^requiiingfr  no  Vsm.  than  fiftyMftye 
puts  of  c(dd  water  fbr  solution ;  boiling  water,  however;  takes  it  up  mote  rwdily. 
By  theiapplioatinniof  sufficient  heat,  pexohlerate.of  pota^  ia  deeomposedioto  otaygen 
and  cidoride:of'pote88iiimr:  the  rettLlt9  ofdeeompeatica^tiben^^  are  precisely  simiiar 
in  hand  to  looser  of  chlomte  of  potash,  and  only  differ  in  liie^  lelatiim^  ameimt  of 
materials  yielded  from  a  given  ^vmig^.of  original  salt. 

Sii^huraU  or  SulphideA  o/P0^aM«t<im-*-When  sulphur  is^&ised  with,  e&t^er  hydrate  or 
carbonate,  of  potash,  dbeomposition  ensues,  and'»  mii^aifie  of  several  oompeundsj  fozv- 
merly  beliered  to  be  oombinaiions  of  sulphuB  with  potfenh,  resultss  These- bodiae  are 
not  compounds  of  sulphur  with  potash,  but  of  sulphur.  wi(iLpett»«ti(Hn  *,  henoe'titotbrm 
sulphuret,  or  sulphide  of  pota8»um>  ooireetly  expresses^  their:  stbte  o£  ohemieal 
constSkutioni . 

MOKOSUIiPHUBBr  OF-  POTASflSmi.— KS. 

Frfpmttiion,'^{Y),  By  fusing  togedier  single  atomic  proportions  of  potasBium.  and 
sulphur. 

(2).  By  mixing  the  mono,  or  neutral,,  sulphate  of  potash  with  eharcoal  pcewder, 
and  heating  the  mixture  to  redness  in  a  closed  vessel.  The  theory  of  this  deeompo^ 
sition  is  simple,  and,  at  the  same  time,  very  interesting.  Formerly,  the  opinion  was 
entertained  that  when  sulphur  was  fused  with  hydrate  of  potash,  or  carbonate  of  t&at 
alkali)  a  direct  oombihation.  of  sulphur  with,  potash  >  resulted.  But  the  pxweess  under 
consideration  demonstrates'the  incorrectness  of  this' option,  for  the  monosuiphuret  at 
leasts  the. decomposition) being  of  the  ibllowing  kind  :— 

2  Carbon 


1'  MonosulJ)hate  of 
potash 


1  PftfnRli  I  ^  Oxygen 1 2  Carbonio  acid. 

i  rotasn  |  ^  Potassium^      /  ^ 


Sulphuric  acid]  ?  ^Yf"-  •        X  V  o  ,  1,      .   ^     X     . 
^  \  1  Sulphur XI  Sulphuret  of  potassium. 


(3).  By  dividing  a  solution  of  concentrated  hydrate  of.  potash,  into;  twe  portions,, 
saturating  one  with  hydrosulphuric  acid,  then  mixing  it  with  the  second- portion,,  and, 
finally,  evaporating^  and  fusing,  the  whole. 
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ProfmiHe^.^A  red^cnpys'toUiiie  maito^  sdltilfle  la  ^kfset  and  d^Hel;  danly'deixattpofled* 
b^  fllcfdt^.liy%li«ifltil][>liurio  arid  Mng  er^«ilv«d.  In  t&e  sfttti^  seiue'  fhat7  ir^  «pifif  iiie 
l^ecAT'of  ojf^gea  sieids*  add  Bums,  and-  say  thai/  ox^dhui^  s^tfi'  ate  oompoiBed  of  sold 
(Mdd^  ilnited  ii^th  beide  oxides^  so'  may  wb  eag&stidi  ike  ex^resl^oii  1^  iitokde  add 
8lilj&u«fWiH&  mtei&  ffiilphurete.  BeAfelius  demoted  much  attentksii  tb'  tMs  o1bb»  of 
bodies,  which  he  termed  Bulphur  salts.  Adopting  this  viei^,  monofiulphuret  o^ 
jtotassium  rmutthB  deftigftatled  a  rery  potrerM  basfe.  It  unites  with  Vatious-snlphnrets, 
performing  tKfe  fenctionof  acids,  and  gMienates  trell-deflned  crystalline  cbnipounds. 
Thfe  a«Id  stdphnretlr  pajliCnlltriy  conri^icilous  in  this  respect  are  thdso  of  carbon^ 
attseiiic,  and^  hydrogen  (hydrosulpHuric  acid).  If  the  monosulphuret  of  potassium  bo 
homed  with  a- further  quantity  of  sulphur,  one  or  both  of  the  higher  sulpHurets  wiU- 
Kwtdt,  aoeovding  to-  the  relativo  amouDl^  of  sulphur  aUd  monosulphuret  taMng  part  in 
the  decomp<ftitioA. 

■Whatever  be  tBe'  relative  amthint'of  monosulphuret  aiid^  suljihuir,  tfpordoii  eititer 
of  hyp08ttlt)hite  of  potashj  or  sulphate  of  that  base,  will  also  be  fbrmed  simultane* 
ously  with  the  higher  snlj^hut^. 

SOBIUM. 

Equiyalent  or  atdmie  weight ^3^ 

&iltma  iSMMr^^—Soditun  exists  in  Hie  nmleral',  the  animal^'  and'  tiie  vegistiible 
kingdom*  of  natiiie ;  but  never  uncombined.  Theplants  whidi  cont&iU'  thir  metal  in 
anjjr  considenible  abundance'  are  either  snt^eeds,  or  certain  vegetables'  which  grow  in 
Hie  vicinity  of  Hie  sea ;  of  these,  tile  baitlla~  plant:  (mOMiif  ania)  is  the  ohie£  Sodium, 
as  a' constitoent'of  the' vegetable  kingdom  of  nature,  estii&ts  in  lliefii^zth'of  various  salter 
of  sodej  having  aiFOiganie  aeld ;-  henee,  when  ihem  s^ts  are  inoinerated  by  buming 
the  plantff'oontainin^theiti,  the  sodii  is  finally  obtainedin  Hie  state  of  oarBonatte^  A 
filler  description:  of  tike  oarbioates  ofHiiS'Sdhali  will  be'giveU' hereafter. 

As  a-  oentftituent  of  Hie  mine!«d  kingdomj-  sodiuni  is  fb\iM  in  coufbination  with 
i^idc  add;  commuting  silicate  ef  s»da,  a^materiid  which:  enters^  into' the* composition 
of  various  rocks.  These  mineral  fottntftlons  are  very  widely^firtiefliinated);  but  the 
sodium  which  they  contain  is  nowhere  found'  sufficiently  loe^ised^to  flirmsh  a  profit- 
able source  of  sodium  in  any  form  of  combination.  Pa)^  othi$r\dlie  is*  it  wi<h  tfDdium 
in  union  with  chlorine  (chloride  of  sodium),  or  common'  sallf.  K'ot  only  does  this 
compound  exist  to  an  enormous  estent  in  the  ocean,  but  in- many  parts  of  the  world  it 
forms  subterraneous  masses  of  rock-salt,  obtainable,  like  other  minerals,  by  the 
operation  of  mining: 

Preparation. — Exactly  like  that  of  potassium,  with  the  obvious  substitution  of 
citri)onate  of  soda  for  cart)onate  of  potash. 

Properties, — In  all  its  physical'  and  chemical  qualities,  sodium  bearb  a  striking 
resemblance  to  potassium.  It  is  not  so  blue  as  the  latter,  however,  having  more  the 
colour  of  silver.  It  does  not  usually  bum  when  thrown  upon  the  stl^Wof  water, 
whereas,  under  this"  treatment)  potassium  neveffkils  to  bum.  Itlj  spe^MSj  gWtVity  is 
greater  than  that  of  potassium,  being  about  0*97^  and' it' is  volatilisred"  at  a  etomewhat 
lower  temperature  than  that  metal'. 

Componntfit'df  Sodiuni^^tk  Oxfygten.— There  are  txft)  oxides^  of  Vodiumi— 
the  protoxide  and  Ihe  pertsxide.  The  protoxide  of  soda  is  a  coiupound  of'greiali  pWrc- 
tical  importknce ;  l3ie  other  is  a  mere  chemical  curiosity. 

JJyrff'a^CTo/ySbate.— Ph)bably,  there  are  several  hydrates  of  sodj^  but  tiie^otffytme 
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possessing  any  importance  is  the  solid  mass  resulting  from  the  evaporation,  and  subse- 
quent fusion,  of  caustic  liquor  of  soda.  The  process  of  making  this  caustic  liquor  is  so 
completely  analogous  with  that  already  detailed  for  making  caustic  liquor  of  potashy 
that  further  description  is  unnecessary.  The  fused  hydrate  of  soda  is  the  monohydrate, 
composed  of  one  equiyalent  of  soda  and  one  of  water ;  symbolically,  therefore,  it  is 
represented  by  NaO,  HO. 

Sulpliates  of  Soda.— There  are  several  sulphates  of  soda,  the  most  important  of 
them  being  the  neutral  sulphate,  containing  ten  atoms  of  water  of  crystallization 
(Glauber's  salt)  and  the  bisulphate.  Neutral  sulp}iate  of  soda  may  be  prepared  by 
dissolving  forty-five  parts  of  carbonate  of  soda  in  water,  adding  forty-nine  parts  of 
strong  oil  of  vitriol  (the  monohydrate  of  sulphuric  acid),  and  evaporating  at  a  tem- 
perature below  68°  Fah.  This  salt  is  much  employed  as  a  cattle  medicine,  and 
occasionally  in  the  human  materia  medica.  When  exposed  to  air,  its  crystals 
effloresce,  by  losing  their  water  of  crystallization.  On  applying  heat  to  the  crystal- 
lized sulphate  of  soda  with  ten  equivalents  of  water,  they  undergo  the  aqueous  fusion, 
evolve  water,  and  eventually  deposit  crystals  of  the  anhydrous  sulphate. 

The  act  of  dissolving  Glauber's  salt  in  water  reveals  some  curious  phenomena. 
Water  at  32°  only  dissolves  about  five  parts;  but  the  amount  capable  of  being  dissolved 
increases  rapidly  up  to  91*4,  at  which  the  maximum  is  attained.  Beyond  this  the 
solubility  again  diminishes  with  the  temperature.  In  addition  to  the  sulphates  of  soda 
already  detailed,  there  are  others,  but  we  need  not  occupy  oursdves  with  them  here. 
They  may  aU  be  formed  indirectly  by  decomposing  chloride  of  sodium  (common  salt) 
with  sulphuric  acid,  an  operation  had  recourse  to,  as  the  student  will  remember,  in  the 
process  of  manufacturing  hydrochloric  acid.  Anhydrous  sulphate  of  soda  may  be  fused 
alone  without  change ;  but  if  it  be  intimately  mixed  with  carbonaceous  matter  and 
carbonate  of  lime,  it  is  decomposed,  the  precise  nature  of  the  decomposition  varying 
with  the  relative  amount  of  materials  employed.  When  the  proportions  consist  of 
two  equivalents  of  sulphate  of  soda,  three  of  carbonate  of  lime,  and  nine  of  carbon,  the 
final  solid  result  is  a  mixture  of  insoluble  oxysulphide  of  lime  and  carbonate  of 
soda  :  of  these  the  foxmer  is  insoluble  (the  latter  soluble)  in  water,  and  may  be  there- 
fore washed  out  and  i^stallized.  This  is  the  theory  of  the  cdebrated  process  of 
Leblanc  for  preparing  carbonate  of  soda  £rom  sea-salt. 

The  decomposition  which  takes  place  is  represented  by  the  following  equation : — 

2(NaO,S03)  +  3(CaO,C02)  -|-  9C  =  2(NaO,C02)  ^-  2(CaSCaO)  -|-  10  CO. 

SulphitM  of  Soda,— 'Two  compounds  of  sulphurous  acid  with  soda  are  known— the 
monondphite  and  the  bistdphiie* 

Bisulphite  o/ ^o<?a.— Numerically  considered,  the  monosulphite  of  soda  should  come 
first  in  our  description,  but  certain  practical  reasons  suggest  a  departure  from,  this 
scheme. 

Preparation, — ^When  a  current  of  sulphurous  acid  is  transmitted  through  a  mass  of 
crystals  of  ordinary  carbonate  of  soda,  the  following  changes  take  place :— Firstly,  a 
portion  of  sulphurous  acid  combines  with  a  sufficient  quantity  of  soda  to  form  mono- 
sulphite,  carbonic  acid  being  liberated.  The  carbonic  acid  does  not  escape,  however : 
it  is  immediately  laid  hold  of  by  a  portion  of  yet  undecomposed  carbonate,  and  bicar- 
bonate of  potash  is  the  result.  Still  proceedii^i;  with  the  operation,  the  whole  of  the 
bicarbonate  of  soda  becomes,  in  its  turn,  decomposed,  and  the  monosulphite  is  gradually 
changed  into  the  bisulphite  of  soda,  which  precipitates  in  small  crystalline  granules. 
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2  equiv. 

of  bisulphite- 

of  soda 


the  deposition  of  which  may  be  facilitated  by  the  addition  of  alcohol  to  the  solution. 
When  bisulphite  of  soda  is  heated,  sulphuious  acid  and  sulphur  are  eyolyed,  and 
sulphate  of  soda  remains,  a  decomposition  which  is  expressed  by  the  appended  scheme. 

1  Sulphurous  acid  (escapee) 

( 1  Sulphur  (escapes) 
1  Sulphurous  acid  <  1  Oxygen — >v 

(1  Oxygen — s/N. 

1  Sulphurous  acid ^^  1  Sulphuric  acid \  2  Sulphate 

1  Sulphurous  acid -^1  Sulphuric  acid  >         of 

^2  Soda )       soda 

Monosidphite  of  Soda,  NaO,  SOj  +  7H0. 

Preparation. — ^When  an  aqueous  solution  of  bisulphite  of  soda  is  heated  until 
sulphurous  acid  ceases  to  be  CYolved,  eyaporated,  and  set  aside  to  crystallize,  mono- 
sulphite  of  soda  results.  The  crystals  of  this  salt  belong  to  the  rhombohedral  system, 
and  effloresce  or  evolve  their  water  of  crystallization  if  exposed  for  a  few  days  to  the  air. 
When  monosulphite  of  soda  is  fused,  no  sulphurous  acid  is  evolved ;  but  its  elements 
recombine  amongst  themselves^  forming  sulphide  of  sodium  and  sulphate  of  soda. 

Syposulphite  of  Soda,  NaOSjOj. — ^This  compound  has  acquired  great  importance  in 
the  arts  of  daguerreotype  and  calotype,  and  is  now  made  in  large  quantities. 

Preparation, — The  best  means  of  generating  hyposulphite  of  soda  is  the  follow- 
ing : — Digest  sulphite  of  soda  with  sulphur  until  no  more  sulphur  is  dissolved ;  filter 
the  clear  liquor,  evaporate,  and  set  aside  to  crystallize. 

Properties, — Hyposulphite  of  soda,  and  the  soluble  hyposulphites  generally,  possess 
the  remarkable  property  of  dissolving  metallic  oxides— especially  oxide  of  sUver 
— in  considerable  quantities,  without  giving  rise  to  any  tangible  compound.  With 
silver  the  result  of  this  action  is  especially  remarkable,  the  resulting  solution  being 
incapable  of  yielding  a  precipitate  with  chlorine,  hydrochloric  acid,  or  the  soluble 
chlorides.  ALL  the  hyposulphites  are  decomposed  on  the  addition  of  a  stronger  acid. 
Immediately,  however,  the  acid  is  liberated,  it  separates  into  sulphurous  acjid,  which 
is  evolved,  and  sulphur,  which  deposits. 

Caxbonates  of  Soda,  NaCO,10HO. — There  are  three  known  combinations  of 
carbonic  acid  with  soda — the  mono  or  neutral  carbonate,  the  bicarbonate,  and  the 
sesquicarbonate. 

Neutral  Carbonate  of  Soda. — Formerly  this  salt,  large  quantities  of  which  are  con- 
sumed in  various  operations,  was  prepared  by  lixiviating  the  ashes  of  sea- weeds  (kelp), 
or  the  ashes  of  certain  plants  growing  near  the  sea  (barilla).  At  present  very  little 
carbonate  of  soda  is  obtained  from  either  of  the  above  sources,  vast  quantities  being 
made  from  sea-salt  by  the  process  of  Leblanc,  already  indicated.  The  operation 
consists  of  three  different  stages  of  manufacture.  The  first  consists  in  decomposing 
sea-salt  by  means  of  sulphuric  acid,  the  result  of  which  treatment  is  the  generation  of 
hydrochloric  acid  and  sulphate  of  soda;  the  second  consists  in  decomposing  the 
sulphate  of  soda  by  heating  in  revcrberatory  furnaces  a  mixture  of  this  substance 
with  carbonate  of  lime  and  carbonaceous  matter ;  and  tbe  third  in  lixiviating  and 
evaporating  the  product.  The  evaporation  in  practice  is  usually  carried  to  the  extent 
of  determining  the  formation  of  a  pellicle  on  the  liquor,  which  is  then  poured  into  a 
tank,  and  allowed  to  crystallize.  When  the  treatment  is  ^fi  thus  described,  the 
resulting  crystals  contain  ten  equivalents  of  water  of  crystallization;  but  if  the 
crystals  be  caused  to  form  in  a  hot  liquor  still  under  process  of  evaporation,  the  amount 
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v^teoBprnLttB^  or  sooa. 


oiwtJMfiMtitL  thisy:  oontain  is  8mii]l«i>c  CijMtg  of  oarboiiafter  of  soda  ^Biflolvif  in 
twice  their  weight  of  oold,  bnt  in  theiir  own  tl^ight  of  boiling' wnter.  l^q^cMSd  fo  Die 
air,  tiMy  deliqneMe,  eyolTing  tiieir  ^ratef  of  cr^fittUiMHoii,  ttod  orambling^  tb*  porcrcler. 
Carbonate  of  soda,  when  heated,  fast  dissolyev  in  its.  unm,  wster  of  crystallization, 
undergoing  the  watery  fusion ;  it  then  und^vgoCs  a  second  fusion,  and  becomes  anhy- 
drous carbonate  of  soda. 

Bioarbonate  of  SodOf  NaO  2CO2  +  HO.-^l^hiis  salt  may  be  pnpased  by  tnma- 
mitting  a  current  of  oarb^c  acid  gas  through  a  ooncentrated^  sdution  of  mono- 
carbonate  ;  afseoond- equivalent  of  oarbonic  aeid  is-  absorbed)  aadi  bkai4>onate  of  soda, 
being  more  insoluble  than  the  preceding  salt,  falls.  Bicarbonate  of  soda  is  also 
prepared  by  transmitting  a  current  of  carbonic  atsid  gas  through  crystals  of  the 
neutral  carbonate  undissolved. 

Sesquiearffonate  of  Soda,  2NaO,  SCbj  -|-  4S0. — A  crystalline  sesquicarbonate*  of 
soda  having  the  above  composillon  is  found'  as  a  natural  product  in  many  parts  of  the 
woild^  e&pecially  Egypt,  Ifezico,  and  India.  fUe  crystalline  sesquicarbonate  does 
not*  dSforesce  in  the  air. 

Nltratb  of  Soda, — ^Nitric  acid  unites  With  soda  in  only  one  proportion,  consiitating 
nitrate  of  soda  or  cubic  nitre.  It  may  Be  obtained  directly  by  dissolving  carbonate  of 
soda  in  nitric  acid,  and  crystallising  the  re&idue ;  but  it  is  seldom  produced  thus,  being 
genemted  spontaneously  in  Peru  and  some  other  ptfrts  of  the  world. 

nmiphMtlBB  of  Hodk.—- 1  have  already,  utrdbr  the  head  otpKosphtfHifadldi  K^inted 
out  the  three  peculiar  modificationrwhich  this  acid  may  alisume,  and  "vtrhich  are  known 
respectively  by  the  terms  monobasic  or  metapHosphoric  acidj  bibaieib  orpywphosphoric 
add;  and  tribaslc  or  ordlnso^  phosphoric  acid.  Each  of  these  modlfic&tionB  of  ^os- 
phorfc  acid  combines  with  soda  in  more  than  one  proportion*;  consequently" there  are 
several  phosphates  of  soda. 

l^rst  or  Ordinary  IHbatie  PTiosphate  ofSodcf^  ZNaOPOj  +  35H0,  or;  seeing  that  one 
equivdbnt  of  water  entering  into  its  composition  is  dlftetiently  circumstanced  to  tHe 
rest,  (61^04- HO)  1^6+  24^X5. 

Preparo^kw.— When  bone  ashes  are  treated  with  oil  of  Vitriol;  the  reftultiiig^  solution 
contldnr  superphosphate  of  lime.  If  carbonate  Of  sodft  be  added"  to  this  solution  until 
tSa  deposition  of  carbonate'  of  lime  ceases,  and*  the  supernatant  solution  eViaporated 
imtil  the  formation  of  a  pellicle,  and  then  allowed  to  cool,  crystals  of  tribasic  phoa- 
phatfe  of  soda  deposit.  It  exercises  an  alkaline  reaction  on*  turmeric  and  reddened 
litmusipaper.  Exposed  to  the  afir  it  efftoresces,  and  dissolves  in  two  parts  of'  boiling 
and  four  of  cold  watbr.  If  exposed  to  heat;  it  loses  its  water  of  crystallization ;  and 
if  redissolved  in  water  and  the  solution  recrystallized;  the  original  tribasic  fialt  19 
reproduced,  provided  the  heat  offueion  was  not  too  high.  The  effects  of  this  excess  of  heat 
in  generating  a  bibasic  phosphate  have  already  been  indicated. 

Second  Tribatie  Phosphate  of  Soda,  3NaO,  PO5  +  24HO. 

Preparation.-— By  adding  an  excess  of  carbonate  of  soda  to  the  preceding  phosphate, 
and  evaporating  the  result  until  crystieils  fbrm. 

Third  Trihaeic  Phosphate  ofSoda,  3(NaO  +  2H0)  PO5  +  2H0; 

Preparation. — By  adding  an'  excess  of  phosphoric  acid  tO  the  first  or  ordinary 
tribasic  phosphate,,  and  evaporating  until  crystals  fbrm.  All'  the  three  salta  just 
described  give  yellow  precipitates  with  nitrate  of  silver. 

Bibasic  Phosphate  of  Soda  (Pyrophosphate  of  Soda),  2NaOP06  -f  lOflO. 

Pr^aration. — By  igniting'  common  phosphalte  of  soda,  dissolving  the  result  of 
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igoilioxt  in  watery  and  ivcrystelliringL  The*  eaMn«e  off  aaaolber/biJtaiitt^phiA^liate 
fasB  Been  detemiihed,  ccmtainiii^  an  e^TftUnt  of  bade  wajtav;  but  it.&aB  sot  beea 
obteined  in  crystals.' 

Mimob'ane'  I%>8pkaU*of  Soda  (Metfcpbospiiate  of  Sdda)v  NftOPOj. 

Preparation.— By  exposure  to  a  Mg^  tompemtare,  either  tbe  add.  trifaasic  ]^08« 
phate,  or  the  substance  next  to  be  described'  (mieroeosBiio  salt).  It  iB'ddii|afl6oent  and 
ficEsible,  readily  soluble  in  wat&t^  bat^dbeB^noff^rin' crystals; 

Phosphate  of  Soda  and'Amnmia  (Morooosniio  Salt),  NaO,  KH4GJ  H0,.BOi+  8H0* 

Pr^MratUm.'-^'Zf  dissel^^ing-  six  parts  of  oommoB  pHoi^hate:  of  sods  in'  two  of 
water,  liien'  adfing^  one  paortr  of  sai-emmoniac  in  powder,  separating  by  a  filter  the 
common  salt  whit^  deposits,  andeT^orating,  the*  filtrate;  Mieroeosmic  salt  is^a^fius 
of  great  yalhe,  especially^  in  conducting  blowpipe  operation]^  for  whidr  puzpeee:  it  is 
oftira  employed. 

Bl^ovatBof  8odk(Boma^^  NaO,  2B(^  +  13lffl[@.— Un^l^  toheadofiAomeuraeftf 
(page  S79)  the  commeioiid-  ewDuroe  of  nactive  Mborat^  -of  soda  hax  bem;  ifidicated.  Gon^ 
sid(»»ble  qusntiiie»,  howevm^,'  are  manufaotared:  by^  saturating*  liie  nadire'boraoio  acid. 
of  Tuseany '  with  carbenate<if  soda.  Borar  crysitalliKesln  su&sidedrpriiDuii;  tbaoryHtals' 
are  soluble  in  twenty  parts  of  cold  and  six  parts  of  boiling  water.  BoraxiiHKvQiiuidjlddui^ 
wtor  mixed  wilSi  oxide  and  metallic  substfemoes  generally  it  Ity^vons  tiieirpeutt  of  fiision, 
and  givws  rise  to  tranaparentvitseons^ompoundlir  TSke  ease  witli  whioh  boz&x  dissoUres 
metdSib  oxides  when  fused  in*  contact  with  than,  rse&dera'  it  valuable  in- the  operations^ 
of  selfltaring  and  braeing;  In  perfiaming.  tiiese  operations  it  is  absolutely  neeessary 
ihsf  tibe  surAioee  to  be  joined  be  ptffeeftly  fibeefitim  all  adherent  oxide;  this  is  accomt' 
pdished  by  the  use  of  boms,  which,  melting  in  oontattwiththe  oxides,  fbaesthem  away. 
Borax  may^be  regardad  as  filling  in  the  operations  of  igneous  chemistry,  a  parallel 
function  to  w^ter  in  operations  by  the  moist  process.  The  constitution  of  borax  is 
acid;  as-may  be  seen  by  simply  inspecting  its  ftmnula;  nererthelfess,  it  actis  like  an 
alkali  on  test  paper,  and  thus  furnishes  an  example  of  tEe  futility  off  pronouncing  on 
the  questions  of  neuti-ality  or  the  reverse  from  appearances  characteristic  of  free 
acidity  and  free  alkalinity. 

Sulphurets  (Sulphides)of  Sddium.^Ot  Hi&ae  thereare  seyeraj';  tlie  monosuljphuret  or 
monosulphide,  NaS,  is  prepared  similarly  to  the  monosulphuret  or  monosulphide  of 
potassium.  Tt  may  be  obtained  in  crystals,  but  soon  decomposes  by  contact  with  the 
air  into  hydrate  and  hypoirulphite  of  soda* 

OKIcnide  of  Soditun  (Common  Salt);  NaCl.— This  most  important  salt  may  be 
f^urmed  directly  for  the  purpose  of  demonstration,  by  saturadng'either  carbonate  of  soda, 
or  hydrate  of  soda,  with  Hydk)chloric  acid,  and  evaporating  the  fluid  until  crystals  fbrm. 
When' chloride  of  sodium  absolutely  pure  is  required  for  certain  purposes  of  chemical 
experiment,  the  above  is^hfe  best  method  of  procuring' itt  Nature,  however,  supplies-it 
tb  us  ready  made,  and  in  quantities  which  are  inexhaustible;  In  many  parts'  of  the 
world  it  is  obtained' by  evaporating^sea'- water-;  in  others  it  in  procured'  flfom  bed*  of 
rock-salt.  Generally  speaking,  rock-salt  does  not  furnish  chloride  of  sodium,  sufficiently 
pure  for  culinary  use.  The  plan^  of  obtaining  white  salt  from  coloured  rock-salt,  is  as 
fi)Uows :— Pite  or  wellS'are  dug  into  the  salt-bedj  and  into  these  pits  water  is  allowed 
to  acoumulate-  and'  remain  until  it  becomes  fiilly  saturated.  Buring  its  act  of  solution 
various  metallic  oxides,  especially  oxide  of  iron,  which  is  associated  with  chloride  of 
sodium  in  rock-salt;  deposits,  yielding  a  comparatively  pure  and  coloTu-less  solution 
above ;  this,  on  being  subjected' to  evaporation,  yields- white  table  salt.  1 
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Alkalimetry.— This  tenn  is  appUed  to  the  operation  of  determining  the  percentage 
amount  of  soda  or  potash  in  a  given  quantity  of  impure  carbonate  or  hydrate  of  soda, 
or  potash,  such  as  we  find  in  soda  ash,  barilla,  kelp,  or  potash,  as  the  case  may  be. 
These  products  vary  as  to  composition  between  very  wide  extremes ;  but  their  effective 
constituents  are  hydrate,  and  carbonate  of  alkali— potash  or  soda. 

From  a  consideration  of  the  laws  of  definite  chemical  combination,  it  follows  that 
the  relation  between  a  given  base  and  the  necessary  amount  of  acid  to  neutralize  that 
base  and  form  a  given  result,  is  fixed  and  invariable.  For  example,  inasmuch  as  the 
combining  equivalent  of  sulphuric  acid  is  forty,  and  of  soda  thirty-one,*  it  follows  that 
an  unknown  weight,  which  we  wiU  call  z  of  soda  capable  of  neutralizing  40  grains  of 
sulphuric  acid  must  be  equal  to  32  grains.  Again,  inasmuch  as  the  combining 
equivalent  of  potash  is  47,  it  follows  that  an  unknown  quantity  {x)  of  potash  must  be 
equal  to  47  grains.  On  the  consideration  of  these  facts  is  based  the  ordinary  method 
of  alkalimetry ;  which  consists  in  the  addition  of  dilute  sulphuric  acid  of  known 
strength  to  a  given  weight  of  alkaliniferous  compound,  and  noticing  the  amount  of  acid 
employed  for  its  neutralization,  as  indicated  by  test  paper.  The  amount  of  acid 
used  may  be  determined  by  weighing  or  by  measuring,  the  latter  process  being  most 
generally  adopted. 

Preparation  of  AlkaUmetrie  Sulphuric  Acid. — It  is  obviously  indispensable  to  begin 
by  forming  test  acid  of  determinate  strength — ^the  proportions  of  one  part  (weight)  in 
ten  parts  of  fluid—in  other  words,  one  part  to  nine  parts  of  water  are  generally  adopted. 
If  the  oil  of  vitriol  happen  to  have  a  specific  gravity  of  1'85,  it  will  be  a  monohydrate, 
and  the  process  of  converting  it  into  test  acid  is  simple  enough.  Inasmuch  as  49 
grains  of  monohydrate  of  sulphuric  acid  contain  40  of  real  acid,  the  quantity  of  the 

latter  required  in  the  imperial  gallon  of  70000  will  be,  of  course,  ■     ^    ,  or  7000 

grains.    Now  7000  grains  of  real  acid  correspond  with  8574*  grains  of  the  monohydrate, 
as  the  following  proportion  demonstrates : — 

40  :  49  : :  7000  :  8574. 
Hence,  8574  grains  of  monohydrate  of  sulphuric  acid  being  weighed  out,  and  diluted 
with  the  necessary  amount  of  water  to  make  up  the  gallon,  the  result  is  the  test  acid 
required. 

If,  however,  the  oil  of  vitriol  employed  be  weaker  than  the  monohydrate,  a  con- 
dition indicated  by  its  having  a  less  specific  gravity  than  1*85,  the  process  of  bringing 
it  to  the  condition  of  test  acid  is  more  troublesome.  The  first  step  consists  in  ascer- 
taining its  exact  strength  by  a  process  the  exact  reverse  of  alkalimetry — namely,  by 
seeing  how  much  alkali  of  definite  and  known  composition  it  is  capable  of  neutralizing. 
Pure  anhydrous  carbonate  of  soda  is  used  for  this  purpose.  Its  atomic  or  equivalent 
number  is  53,  hence  every  53  parts  of  this  salt  neutralized  will  be  indicative  of  40 
parts  of  real  sulphuric  acid  expended  in  effecting  the  neutralization.  These  data 
furnish  the  means  of  learning  the  strength  of  the  sulphuric  acid  employed  by  a  very 
obvious  proportion. 

The  Alkalimeter,  Variety  1,  Measuring  AlkaUmeter. — This  consists  of  a  glass  tube 
about  fifteen  inches  long  and  about  half  an  inch  internal  diameter,  capable  of  holding 
1000  grains  of  water  at  60°  Fah.,  and  graduated  in  divisions  of  one  grain.  In  its 
simplest  form,  the  alkalimeter  is  simply  a  tube  such  as  described,  fumi^ed  with  a  lip 
or  spout ;  but  a  still  better  construction  is  represented  in  the  following  cut. 
•  Omitting  fraotioos  ;  vide  table  at  p.  279. 
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Let  us  now  assume  that  the  determination  is  required  of  the  amount  of  effective 
soda  in  a  specimen  of  soda-ash.  A  given  quantity,  say  60  grains,  is 
to  he  accurately  weighed,  dissolved  in  warm  water,  and  if  it  contain 
much  mechanical  impurity,  filtered.  The  alkalimeter  is  next  filled  to 
the  extent  of  its  scale  wiUi  test  acid,  and  portions  of  this  are  carefully 
added  to  the  soda  solution  until  complete  neutralization  has  heen 
effected.  This  point  may  he  known  to  have  heen  attained  when, 
after  warming  the  tested  solution  to  expel  carhonic  acid,  and  allowing 
it  to  remain  at  rest  a  few^minutes,  it  no  longer  affects  litmus-paper, 
either  hlue  or  reddened.  If  we  assume  that  29  measures  or  grains 
of  test  acid  have  heen  appropriated,  then  we  learn  that  the  soda-ash 
examined  holds  44*8  per  cent,  of  effective  alkali,  hy  the  following 
proportional  statement  :— 

40  :  31  : :  29  :  22*4. 

Variety  2,  Weighing  Alkalinuter, — ^This  instrument  consists  of  a 
thin  hulh  of  glass  drawn  into  a  fine,  almost  capillary,  heak,  and  sup- 
plied with  a  ground  and  stoppered  tuhulure.    It  is,  in  point  of  fact,  a  miniature 

retort,  as  the  accompanying  woodcut  represents. 
A  glance  at  the  construction  of  this  instrument 
will  show  that  it  is  well  adapted  for  the  purpose 
intended.    The  instrument  having  heen  charged 
with  test  acid,  and  the  weight  of  the  instrument 
and  acid  determined,  the  stopper  is  removed,  and 
portions  of  the  acid  are  dropped  out  until  the 
alkaline  fluid  has  heen  completely  saturated. 
The  instrument  is  now    weighed    again,    the 
amount  of  acid  expended  noticed,  and  the  cor- 
responding amount  of  alkali  determined  hy  an 
ohvious  sum  of  proportion. 
Occasionally  it  is  desirahle  not  only  to  know  the  joint  amount  of  hydrate  and 
carbonate  of  an  alkali  present  in  any  given 
sample,  but  the  amount  of  each.    In  this 
case,  the  following  plan  may  be  adopted. 

By  means  of  a  bent  glass  tube  and  per- 
forated cork,  the  larger  tube  C,  holding 
pieces  of  fused  chloride  of  calcium,  is  at- 
tached to  a  small  flask.  Into  this  flask  has 
been  previously  poured  the  alkaline  solution, 
and  a  small  test  tube  has  been  lowered  in 
such  manner  that,  at  the  operator's  pleasure, 
its  contents  (dilute  sulphuric  acid)  may  be 
mingled  with  the  alkaline  solution.  Before 
this  is  done,  the  whole  apparatus  is  accu- 
rately weighed,  and  the  weight  noted.  It  is 
now  removed  from  the  balance-pan,  and  the 
acid  is  mingled  with  the  alkaline  liquor. 
Decomposition  of  course  ensues,  and  carbonic  acid  is  evolved.    Passing  through  the 
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ttfbe  liolfliiig  chloride  of  cakiam,  it  ioaes  itaeJf  Jbi  the  -air ;  meAQwJhlle  any  gmall 
amount  of  aqueoiw  yajiour  ^viUch  'VagH  aeciampaiiy  thfi  gas  can  get  no  forUiar  than 
the  chlodde  of  oaJouim,  thatmateiMl  hmiag  anch  a  povexfiiL  tendem^^timiite  with 
water.  But  the  moat  importaxd;  iamUfm  of  the  chloride  of  oftleiiim  la  thia  :^The 
appasatns  at  Hie  preaent  stage  of  unr  opevaitiQiL  neeaaaarilj  oontaiaa  aoxne  of  tke 
carbonic  acid  evolTod;  ire  deaiis  io  ezpcd  that  oarbonie  amd,  and  aeoom^liah  the 
result  as  follows  :-^Tiie  flask  ia  heated  until  it  heoomos  charged  wil^  Tapojar;  thw 
necessarily  pushes  the  carbonic  aoid  before  H,  fund  woidd  itself  foUow  irare  H  not  fir 
the  protecting  chloride  of  oaleiixm,  whieii  reatrains  it.  The  i^ypanatns  is  sow  psaakMi 
to  cool,,  and  is  weighed  oooLoe  mofs ;  the  sdefimecioy  of  weight  is  the  weight  cf  carbonic 
acid  expelled.  Twenty-two  pasta  tof  eazhfloic  Aoid  corxaspesid  with  &rty-fiTO  of 
carbonate  of  soda. 

The  preceding  operation  is  unexceptionable  if  an  alkaline^ulphite,  hypoaiilphite,  or 
sulphuret  be  absent ;  but  the  presence  of  either  of  these  gives  rise  to  inaccuracy.  A 
preliminary  experiment  serves  to  convey  the  necessary  information  in  this  particular. 
Sulphurous  acid,  like  carbonic,  is  expdled  from,  sulphites  and  hyposulphites  by  the 
addition  of  a  stroagar  acid ;  but  it  may  be  easily  diatinguished  fix>si  carbonic  «cid  by 
ita  smell,  which  xeacnddea  ihat  of  bunuog  sii]|ihur.  Salphurets,  -too,  are  easily  reeo^- 
nised  by  the  nauaaoos  aiD8M<of  aul^hnrettod  hydrogen,  liberated  on  the  addition  of  an 
acid. 

If  on  testing  a  portion  of  alkaiine  fluid  which  is  jntendsd  to  be  subjected  to  the 
process  of  alkalimetry  under  consideration,  cither  sulphurous  acid  or  sulphuretted 
hydrogen  be  developed,  the  foUowiag  means  must  be  had  recourse  to  for  obviating 
inaocuTaeies  springing  fi-om  these  sources  >--^  teaspoonful  of  yellow  chromate  of 
potash  «LUst  be  added  to  the  alkaline  sdution  before  pouring  it  into  the  test-bottle ; 
by  which  treatment  hoih  sulphuretted  hydrogen  and  sulphurous  acid  will  be  decom- 
posed at  the  moment  of  their  liberation,  sulphur  being  deposited  in  either  case,  and 
all  possibility  of  error  from  the  aborc-mentioBed  causes  obviated.  Theoretically,  the 
presence  of  chlorides  in  the  alkaline  solution  under  examination  dioaU  be  productive 
of  embarrassment ;  practically,  however,  they  are  not,  the  solution  being  so  weak  that 
all  the  hydrochloric  acid  resulting  from  the  chlorides  when  idecomposed  is  absorbed, 
and  retained.  For  other  particulars  relative  to  this  proeaas  of  alkalimetry,  I  mnat 
refer  to  the  origtaal  woak  of  f  resenius  on  the  subject.  It  has  been  translated  into 
English  by  Mr.  Lloyd  BuUock. 

OENEBAL  BEliABKS  ON  POTASH  AND  SODA,  AND  THE  8AX/I8  OF  TSCE  ALKAUVE  METAIS. 

The  reader  wUl  have  remarked  that  a  very  striking  resemblance  subsists  between 
the  true  alkaline  metals  already  described  and  also  between  their  respective  combina- 
tions. The  more  striking  this  resemblance,  the  greater  is  the  necessity  for  mastering 
the  few  special  distinctions  which  do  exist,  and  which  not  only  enable  us  to  distin- 
guish as  between  combinations  of  potassium  and  sodium  respectively,  but  to  separate 
them  from  each  other.  The  following  are  the  chief  distinctive  characteristics  known 
to  the  chemist :— « 

Salts  of  potasiinm,  and  potash,  sodium,  and  soda  do  not  yield  a  predpltate  with 
carbonic  acid  or  alkaline  carbonates — do  not  evolve  ammonia  when  a  atrong  acid  is 
added— 4o  not,  if  colouriess  themselves,  yield  a  coloured  precipitate  with  hydro- 
sulphuric  acid  or  hyclrosulphate  of  ammonia.  | 
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Gomlmtriifm  ^  ^nimtmm  and  Makuk. 
Tinge -flflKme,  hhxQ, 
Yield  a  |Kceoipitate,  in  Tbiue  of  tbeir  metal- 
jtic  •constituent,  -witli-^ 
Tafttric  acid. 
Pcrcliloiic  'a<xld. 
Hydio-Auosilieie  adid. 
Chloride  of  platinum. 


CiWB  flill  drt I'lMM  of  JB$diliM  MMf  Sodfi* 

Tinge  ilame,  j^Uov. 
Are  sometimes  desonbed  as  yielding  no 
^precipitaite,  in  Tirtue  tyf  their  metallic 
oonstituesty  wi^  any  reagent  'what* 
ever;  bat  ^  yield  a  precipitate  wi& 
'antimonie  acid. 


LrTHnTiic> 


Atondo  weight 
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Preparation. — Lithium  was  developed  from  its  oadde  Kthia  by  yoltaic  agency.  It 
may,  probably,  be  capable^  of  production,  as  potassium  and  sodium  are  produced  on  the 
large  scale. 

Quite  recently  Liebig  has  published  a  meHiod  of  obtaining  lithium  in  considerable 
quantities  from  the  fused  chloride  of  lithium.  The  salt  is  placed  in  a  crucible  of  porcelain 
attached  to  the  negative  terminsJ  of  a  voltaic  battery,  and  fused ;  the  negative  terminal 
or  pole,  which  is  of  iron  wire,  and  about  the  size  of  a  knitting-needle,  is  now  brought  in 
contact  with  its  surface,  when  decomposition  immediately  ensues,  and  metallic  lithium 
attaches  itself  to  the  end  of  the  wire.  As  one  portion  of  metal  is  thus  obtained,  it  may 
be  detached  by  an  iron  spoon,  and  thrown  into  Persian  naphtha,  on  the  surface  of  which 
it  floats,  lithium,'  in  point  of  &ct,  being  the  lightest  known  solid  in  nature. 

Prqp0rti6i,^A  white  metal  resembling  sodium  in  its  physical  and  chemical  chaxfto- 
teristics. 

ComponiWIUj^^Oxide  of  lithium,  or  lithia,  LO.  This  body  stands  in  the  same  re^ 
tion  to  Kthia  as  soda  to  sodium,  and  potash  to  potassiiun.  It  is  a  rare  compound,  being 
specially  denominated  in  the  mineral  kingdom,  and  is  chiefly  interesting  as  furnishing 
the  connecting  link  between  the  true  fixed  alkalies  (potash  and  «)da)  and  the  earths. 
The  principal  minerals  in  which  lithia  is  foimd  are  some  varieties  of  touniu?line, 
ampligonite,  lepidoUte,  and  apodumene.  There  are  Tarioos  processes  for  extracting 
lithia  from  these  nnnerals,  and  all  involve  a  djifficulty,  apiin^g  from  the  aame  cause 
namely,  the  necessity  of  avoiding  soda  and  potash  in  every  part  oi  the  analytical 
process.  As  a  general  rule,  the  first  part  of  every  analysis  <tff  a  siliceous  mineral, 
insoluble  in  acids  (some  siliceous  minerals  are  soluble),  consists  in  levigating  it  with 
potash  or  soda,  or  ihe  carbopates  of  one  or  both  of  tbeae  aUutlies,  and  j&uing  the 
mixture  in  a  platinum  crucible.  From  this  plan  of  tuaatment,  where  the  object  is  to 
extract  lithia,  we  are  debarred ;  becauffe  if  lithia  were  once  mixed  with  any  compound 
of  the  preceding  alkaline  metals,  the  difficulties  attendant  upon  their  separation  would 
be  enormous.  Thougjh  the  jprocesse^  which  have  been  auggeflted  for  the  isolation  of 
lithia  are  numejx>us,  they  admit  of  being  redueed  to  two  generali£»tions.  The  first 
consists  in  substituting  an  alkaline  earth,  or  a  carbonate  of  an  aUcaline  earth,  for  a 
real  alkali  or  its  carbonate,  in  the  preliminary  oparatioa  of  fusion^  the  aeeond,  which 
is  by  far  the  more  elegant,  coasiats  in  nfiouymg  all  the  silica  in  tine  form  of  gaaeoAUi 
fluoride  of  silicon^ 

Scheme  1.—- Petalite  is  te  be  reduced. to  an  imj>alpable  powder,  tiien  mixed  witb  fire 
or  six  times  its  own  weight  of  carbonate  of  lime,  or  of  baryta,  and  heated  to  whiteness 
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in  a  platdnum  crucible  placed  in  an  earthen  one,  with  a  layer  of  magnesia  between  the 
two,  for  the  space  of  one  hour.  The  resulting  mass  is  next  digested  in  hydrochloric 
acid  moderately  diluted,  evaporated  to  dryness ;  taken  up  once  more  by  dilute  hydro- 
chloric acid,  and  filtered  for  the  purpose  of  removing  silica  (page  382).  The  solution 
is  next  mixed  with  excess  of  carbonate  of  ammonia,  boiled,  and  filtered ;  the  filtrate 
evaporated  to  dryness,  and  heated  in  a  platinum  crucible,  by  which  means  hydro- 
chlorate  of  ammonia  is  expelled,  and  fused  sulphate  of  Uthia  remains.  From  the 
sulphate  the  salts  of  lithia  may  be  prepared. 

Scheme  2.— Petalite  being  finally  levigated  as  before,  is  mixed  with  twice  its  weight 
of  fluor-spar,  and  the  whole  formed  into  a  paste  with  strong  oil  of  vitrioL  The 
operation  requires  a  platinum  dish.  Heat  is  now  applied,  and  all  the  silicic  acid  is 
evolved  in  the  condition  of  fluo^silicic  acid  gas.  The  solid  fixed  result  is  a  mixture 
of  sulphate  of  lime  with  sulphate  of  lithia.  The  latter  may  be  dissolved  out  by  a 
mixture  of  alcohol  and  water,  a  menstruum  in  which  sulphate  of  lime  (gypsum)  is 
insoluble. 

Hydrate  of  lithia,  although  having  most  general  similarity  to  the  hydrates  of 
potash  and  of  soda,  is  more  insoluble  than  either,  thus  manifesting  an  approach  to  the 
class  next  to  be  treated  of— namely,  the  alkaline  earths—like  which,  also,  it  forms 
sparingly  soluble  combinations  with  carbonic  and  phosphoric  acids. 


TEBBIGENOUS  METALS— BABIUM. 


Equivalent  or  atomic  weight 
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Sisiorp. — Barium  was  discovered  by  Sir  Humphry  Davy,  who  obtained  it  by  sub- 
jecting baryta  to  voltaic  decomposition.  It  may  be  obtained  more  readily  by  trans- 
mitting vapour  of  potassium  through  baryta  (oxide  of  barium),  contained  in  an  iron 
tube  strongly  heated.  Baryta  by  this  treatment  is  decomposed,  potash  being  formed 
and  barium  liberated.  The  mixture  of  potash  and  barium  is  now  triturated  with  . 
mercury,  by  which  means  a  barium  amalgam  is  formed ;  this  being  subjected  to  heat 
in  a  smsdl  retort  of  green  glass,  containing  hydrogen  or  nitrogen,  mercury  distUs  over, 
and  barium  remains. 

Properties. — These  are  very  similar  to  those  of  the  alkaline  metals  already  described. 
Barium  is  yellowish  white,  something  the  colour  of  silver,  malleable,  fusible  at  a  heat 
below  redness,  decomposes  water,  though  not  so  violently  as  potassium  and. sodium; 
and,  if  exposed  to  the  air,  soon  becomes  coated  with  a  white  crust  of  protoxide  of 
barium,  or  baryta. 

Protoxide  of  Barium  {Baryta),  BO — Originally  this  compound  was  termed  barytes, 
but  it  is  now  called  baryta  for  the  sake  of  uniformity.  The  designation  baryta  comes 
from  Bapvs,  heavy,  on  account  of  the  great  weight  of  native  sulphate,  and  carbonate  of 
baryta. 

Preparation.-^mQ  baryta  cannot  readily  be  obtained  from  the  carbonate  by  sub- 
jecting the  latter  to  heat,  as  is  the  case  with  Ume,  in  consequence  of  the  tenacity  with 
which  the  carbonic  acid  is  retained.  The  best  method  of  preparing  it  consists  in  decom- 
posing the  nitrate  at  a  red  heat  in  a  large  porcelain  crucible,  by  which  treatment  the 
constituents  of  nitric  acid  are  evolved,  and  baryta  remains. 

Properties. — A  dirty  white  or  gray  substance,  fusible  at  high  temperatures,  and 
manifesting  a  great  tendency  to  combine  with  water,  and  form  the  compound  next  to 
be  described. 
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SydraU  ofBaryta, — This  compound  may  be  prepared  either  by  treating  anhydrous 
baryta  with  water,  or  by  boiling  a  solution  of  sulphide  of  barium  with  copper,  in  which 
case  the  metal  removes  the  sulphur,  forming  an  insoluble  sulphide  of  copper,  and 
solution  of  hydrate  of  baryta  remains.  By  evaporation  it  may  be  obtained  in  the 
crystalline  state.  It  contains  10  equivalents  of  water,  and  hence  its  formula  is 
BaO  -{-  lOHO.  When  the  crystals  are  heated  they  evolve  9  equivalents  of  water, 
leaving  the  monohydrate,  a  substance  which  cannot  be  decomposed  by  heat.  The 
solution  of  hydrate  of  baryta  is  strongly  alkaline ;  by  exposure  to  the  atmosphere  it 
rapidly  attracts  carbonic  acid,  and  generates  carbonate  of  baryta. 

Feroxidt  or  JBinoxide  qfJBarium. — ^Preparation :  When  baryta  (protoxide  of  barium) 
is  heated  in  oxygen  gas,  at  temperatures  between  550**  and  750°  Fah.,  a  second  equi- 
valent of  oxygen  is  absorbed,  and  binoxide  of  barium  results. 

Froperiies.'^ln  physical  appearance  this  substance  resembles  baryta,  only  its  colour 
is  slightly  darker.  It  readily  combines  with  water,  forming  a  hydrate  of  imcertain 
composition ;  by  boiUng  this  solution  oxygen  gas  is  evolved,  and  hydrate  of  baryta 
remains. 

Salts  of  BaxjfAt— Sulphate  of  Baryta,— 'this  compound  is  found  in  nature,  and 
is  also  readily  formed  by  artificial  processes.  Whenever  sulphuric  acid,  or  a  sulphate 
is  brought  into  contact  with  a  solution  containing  baryta,  or  barium,  in  any  form  of 
combination,  sulphate  of  baryta  results,  and  is  deposited.  Native  sulphate  of  baryta 
is  called  heavy  spar,  its  specific  gravity  is  4'4.  Sulphate  of  baryta  is  remarkable  for  its 
extreme  insolubility.  In  water,  hot  or  cold,  it  is  quite  insoluble ;  and  even  hot  nitric 
and  hydrochloric  acids  dissolve  but  the  faintest  traces.  Owing  to  the  tendency  of 
baryta  to  combine  with  sulphuric  acid,  solution  of  hydrate  of  baryta,  and  barytic  salts 
generally  are  valuable  agents  for  the  separation,  and  quantitative  estimation,  of 
sulphuric  acid.  Conversely,  sulphuric  add  and  soluble  sulphates  are  employed  for  the 
separation  and  estimation  of  baryta.  Sulphate  of  baryta  is  a  compound  of  one  equiva- 
lent of  acid  and  base;  hence,  every  116*64  parts  of  the  salt  correspond  with  40  of  real 
sulphuric  acid  and  76*5  of  baryta. 

Nitrate  of  Baryta.^-T}na  salt  is  of  extensive  application  in  the  laboratory  as  a 
chemical  re-agent ;  it  may  be  prepared  directly  by  saturating  either  baryta,  or  hydrate 
of  baryta  with  nitric  acid,  and  crystallizing  the  solution  by  evaporation.  .  A  similar 
final  result  occurs  when  carbonate  of  baryta  is  substituted  for  the  preceding ;  occa- 
sionally, however,  in  practice,  nitrate  of  baryta  is  prepared  irom  the  native  sulphate 
indirectly  as  follows.  Native  sulphate  of  baryta,  finely  powdered,  is  mixed  with 
about  one-tenth  its  weight  of  finely  divided  charcoal ;  a  sufficient  quantity  of  oil  is 
now  incorporated  with  the  mixture  to  form  a  stiff  paste,  which  is  heated  in  a  crucible 
to  redness.  Decomposition  ensues,  and  sulphuret  (or  sulphide)  of  barium,  intimately 
mixed  with  charcoal,  remains.  The  mixture  is  now  Hxiviated  with  water,  which 
dissolves  out  the  sulphide  of  barium  and  leaves  the  charcoal.  Nitric  acid  is  now  added 
to  the  solution  of  sulphide  of  barium,  by  which  treatment  further  decomposition  is 
effected  j  hydrosulphurio  acid  being  evolved,  and  nitrate  of  baryta  formed.  The  latter 
salt  may  be  obtained  in  crystals  by  evaporation. 

Carbonate  of  Baryta. — ^This  salt  is  found  native,  being  known  by  the  name  of 
Witkerite;  it  may  also  be  readily  formed  by  the  double  decomposition  of  a  soluble 
baryta  salt,  by  means  of  a  soluble  carbonate,  or  by  the  transmission  of  carbonic  acid 
gcs  through  a  solution  of  hydrate  of  baryta.  At  a  very  high  temperature  carbonate  of 
baryta  fiises  and  evolves  its  carbonic  acid ;  but  at  a  temperature  short  of  fusion  this 
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deeompflntum  does  not  eome :  lienoe,  carboimte  of  baxyta  «nm«t  he  viade  te  yield 
fan^  hj  ttve  mere  prooen  of  ]dJ&-buniiiig,  m  is  (ihe  eue  mfii  Ime. 

Smipkidea  &r  StUpkmmtt  </ Jtor«K»i.>-Tiiete  ais  wreisl  of  tiMse  ^nipiMnds,  but  llfae 
«saGt  auBiber  ha»  not  been  detanniBed.  M«w»nlpbide  ^  baiiiim  ii  a  cxTstaUue 
eoBipoanA,  it  may  be  cAiained  by  carefoily  evaporating  6w  iiuTiatedvaNdt  of  heatiiig 
ndphate  cf  baiyta  iddi  cSiarcoaL  Ibe  bi^er  siilpbar  oompoinids  of  baxisn  are  voce 
mleasj9&oWj  aiuL  may  be  prepared  by  digestiBg  a  adhitiaii  of  its  monoBal^ide  witii 

Chloride  of  Barium.-^Thaa  rery  importairt  lalt  may  be  pnepttod  by  ihe^iieot  nttn- 
latian  of  baryta,  or  carbonate  of  baoyta  mJ&i  li^drooUoiic  moid;  -on  evaponftiBg  the 
aoliitkMi,  cbloride  of  barixun  is  deposited,  in  tibe  orystiUme  fesat.  It  ooBtains  one  atom 
respectively  of  chlorine  and  of  badma,  combiabed  with  imo  atoau  of  water ;  henoe  it  is 
xepreeented  by  the  fbrfltola  Bad  +  2H0.  Sy  the  i^plioatien  of  heat,  the  irater  is 
dfiyen  off  and  asfaydroiis  ehhnide  of  barium  remaimi.  In  practice,  <m  the  large  seafe, 
iftkride  of  barium  is  prepared  iodixeetly,  by  caloimng  in  a  twveibeiatory  f uniaoe  a 
mixture  of  two  parts  of  powdered  sulphate  of  baryta,  and  one  of  chloride  of  oaleimn. 
The  results  of  this  decomposition  are  sulphate  of  lime  snd-diiMiieof  barisB.  The 
latter  being  very  sohdde  in  water,  whilst  tiie  former  is  not,  sepaxotion  of  tibe  twe  mi^ 
be  Teadily  effscted. 

Qtmral  ClutraeteritAka  of  Bmyta  mnd  iU  ComHfuiticm. — The  two  meiA  leading 
oharaoteiistios  of  this  dass  of  bodies  have  already  been  mdicated-^namely,  th^ 
tearieney  to  form  carbonate  and  eulphate  of  baryta.  In  addition  to  these  peouUarities 
the  following  should  be  remembered  by  l^e  chemist.  The  salts  of  baryta  yield  ao 
^ncipitate  with  ammonia,  provided  tiie  latter  be  ooa^etely  free  ^m  carbonic  aeid. 
The  most  likely  substances  to  be  mistaken  for  barytic  salts  in  solution  are  solutioDS  of 
lead  and  strontium,  both  of  whieh  afford  white  precipitates  with  carbonic  acid  and 
•eoi&onates,  sulphuric  acid  and  sulphates,  resembling  by  general  appearance  those 
pEodacod  by  barytic  codipounds.  Lead,  however,  l&e  student  wi&  remember,  is  a 
cdlc%g$nou8  metal ;  its  compounds  blacken  solutions  of  hydrosulphuric  atcid  ^or  hydro- 
sulphates,  which  bisryta  and  solutions  of  barytic  salts  do  not ;  liius  between  these  two 
daases  there  is  a  ready  means  of  distinction.  As  between  eolutiens  of  barium  and 
stronlium,  die  means  of  distinction  will  be  rendered  a^arent  when  strontium  shal 
come  under  our  notice ;  meanwhile  the  fact  may  be  indicated  that  barytic  compounds 
hare  the  property  of  imparting  a  greeniMi  tint  to  flanee. 

BTBOMTTUX. 

Equivalent  or  atomic  weight       •        .       .    ==  43*8 

■Gtntral  Setnatkt.^Tina  metal  yeij  closely  resembles  barium  an  its  genora 
-qualities — ^a  resemblance  which  holds  good  as  between  the  various  parallel  oom- 
bin&tions  of  the  two  metals.  The  term  etrontia  is  derived  from  the  joam  of  the 
locality  Strontiafiy  in  Scoliand,  where  the  carbonate  of  the  oaade  of  stiOBtzmi  (stnmtia) 
is  found  native.  There  is  also  a  native  sulphate  of  etrontia  (osiie  of  strantiam} ;  its 
mineralogical  designation  is  eeUstine, 

Pr^ara^ibn.— JExactly  like  barium  from  baryta. 

Pr^^Mr^tV^.— .Almost  the  same  as  those  of  barium. 

Compounds  of  Strontium  with  Ocuygen,  Protoxide  of  JStrontimn,  or  jftiwitti.— This 
earthy  oxide  is  prepared  by  processes  ao  exactly  resemhliiig  timae  .alraady  ennmerated 
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ajnto  the  bead  of  Jbaxf^  4iat »  is  (uomoesaaiy  tto  jpagtMwlnaiage  (tiuaia.  Like  .barfta,  Jit 
forms  a  crystalline  hydrate  wM  water,  tonogthe^ra^p^WKDfi&rsO  -f  4X)£[Q.. 

Jtaisa«i^.^.v$toaB^H>  iiu^:he  jwoeusad  iby-ihe  «d4itiQ»  v»f  fmoxule  .^miliie  of 
Jiydepg^ea)  to^t^abUaan-Af  d^9^i«bi  <]^,ii^(«;liia.;  ai»4er  nMsk  ^m^womimmw  ijb^fpnite 
ioihetom-of^naU^aryatak.  • 

JWi»  q<r,8twwrti>  ^Protegide^^itwwtHm,  ^  iBtMwtia,^»D6ffm8xth6#wt4of  ■# 
very  ^p(me]:M  Iumk^  «<wnaluoi^g  with  jtoj^t  Aoidi^  m^  p-^mg  m»  4»  imeU^doQ^  «wljt8. 

^•^ii^^i$K<f»tt6»«--^This  -jwit  i0  pnopaxed  thy  i^waUel  .opanniiomi  ]to  4iuMe  xtoiAy 
d6fteEihedtiiod«r.tiieiieftd.(»f  aiteate  of  ,b«ryta.  Jt  4i«»4%.|3i^fltaUi99ii,;  if ^0«ft|kw«tod 
J)yjBpliofffci(W»of  JtMai^-tlkd  crysjak  4ae  .aiiligidiious.;  'I>wt  if  ie«mtoG«ted  in  «ia^tt%  |be 
o^«tel0  m^tm  Jw  f^^iuiraXNirte  .of  w^ftec.  JiTiilqalie  «ot'  ^ttcjwjtiift  ia  .wuoh  «vifk]ffwiiii 
l^coteohiup  Act,  ier  .tiiu^  ^wppoae  of  ♦aaoim  nweirtiDig  e  j^  tint  ^o  eertain  Jcevrorfas. 

^Oatfimaiifitmd.JShifpMefi^  S!tmtida^^lSjiea»  jiaKis  are  :^M«edii^  wpilar<tQ4hMi^<0f 

i^  mo»iM,   XMmie  .qf  sir9ii^mm  «c^«he  iff^aced  (i»y  j»»ie«ew  •«flrJDQQ>Qndii^'9n9t^ 
^hQie.e«ipiL9g^edilQr  tbe  pr^ipasulioa  «f  .ehhxrule  ifif  JMisna,  iron  «ihii^  ^m^  i»e<^- 
.ti!ngiiiahf.d  3>yjtt»B  psopeor^^of  jrfiad%-  diM<ilxii^AXi'«l[D«h(4>  wb^ 
m  iowiuhle  .i&  ithob  dnaiialQauJiu   ^Gi^staUi«ed  phloride  <of  .atrcaAtuna  holdfs  w  -e^- 
Tglenfe  ^'jvato;,  audiito  ^onaulA'Canaaqiieody  fl&  EfCU  •4'  '^0. 

^mm:tU  Gkam^ttmttw  iSjf  St9>mtia  md  4i&  '^Qt^iimii»m, — ^Che  lioluble  KiwnjoHDda  'Of 
fi^xQ»io$m.'m^i>96mivi9^  m^  pwe  nwwaaiiw  ^la^ut  ^se  pri»eipita<^ 

hy  'iiaishoBwte  <of  ^xtmnm^  .and  i^Usalin^  -najjieiiates  ^^spomU^^  ^IQhey  pield .« v^EOPy 
riaa^nhie  4irhile  wdplmAe  ''wa(&  suJitlnwp.taQidy  «&9d  ^aakihle  -fnlphato  ^norfllly^  ^whkh 
.oan^bfy^y  rbe  .distiiz^shed  fi:(w  nQlphate^  fha^)M»^  eKs^t  li^  the  Mdr«f  'OaUajtofal 
twbi.  lit  dfl>  ihvwe'iwc,  rraiher  mcffe  (SiAiihleinvwatar  Jtoi  ««lphat^  of  ;h««fta.  ^^if»my 
xf  jwlpbate  of  «to»utia  belboiled  m&i  waAm,  fiHsred,  juid>t«^ted  mlth  »iv>lMfi^9e^  .of 
litf^itQ,  -aiil^lMito^of  >tihe,^i8JU;Qr ^Hi$e.^ #n)aratod.  iUiddllber  tdiatqi^ti^  <almwot«ni«^s 
.9»  Mwma.  fhasHiia  .-And  .utoontiwii,  iwid  #L«r  ifff«|)4<Am  Tffflwhiwiilaftwfl  onuy  ^be^^s 
stated : — 


tSitnikm  md4i»  fOumkmtifime, 
'Wmg6  flame  «freexi. 
Chloride,  insoluble  in  alcohol. 
iOlnomafe^f  >pataflh*giiF8s  ja  ^AUsur^Be- 
oipitete.  ' 

^Bydnlfooi^lMttOfaeid'Tic^UBAipitefl^ 


'{0x896  tflame'stfl. 
«Qi|loAde;  selithLedn(akdiol. 
i@bnHnataiaf)p«hi^tgiim  aot|MN(npitate. 
HyadxtfftiioaiMeic  aoid  ^eUe  ^k>  fpraeipi*- 


!BqmTalent  or  rftoBDoc-^r^i^  ..        .       "90 

^QenernlJiemarks. — This  metal  is  yery  widely  difl&ised  fljroijgh  nature  in  the 4bnn 
ofioxide  of  calcium  (lim^  variously  combined,;  esj)ecially  with  caubonic  wi,d«ilphju{ic 
acid^,  eonstitutiq^  re^ctiyely  .carbonate  andfsu^hate  of  lime,  jpalcium  is- obtained 
bj^ocesses  similar  to  those  for  o'btainiQg  ))£iiri)|jn  aud  atno(nti^m,  sM  in  j»hy«ical 
^IQpearancc  it  mi^ch  resembles  ^the9e4netfds. 

jOompounfLs  of  Cdlcium  with  0:^(^».— ^There  ar^  two  known  oxides.of  oalcium.  Qj3fi 
the  well  Jmown  protoxifle,,ar  lime,  the  other  haYin.g  the  .comp«^^n  jof  CJaPg,  mH, 
therefore,  appropriately  .teno^d  the  binoxide  or  peroxide. 

FtQtQ^ide.of  Galdum  (Kwe).~Thi3  oxide  is  readily  j)repftred.by  jsubrougly  heftlaj^g  ja^ 
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of  the  natiye  carbonates  of  lime,  bucIl  as  Iceland  spar,  marble,  chalk,  or  any  of  the 
yarions  rocks  to  whicli  the  generic  term  limestone  is  applied. 

When  desired  qnite  pure,  the  best  material  from  which  to  obtain  lime  is  Iceland 
spar ;  but  white  statuary  marble  is  nearly  as  pure,  and  far  less  ezpensiye.  Absolutely 
pure  lime  may  also  be  obtained  By  calcining  nitrate  of  lime,  as  was  directed  in  the  case 
of  baryta  and  strontia.  Lime  is  whiter  than  either  baryta  or  strontia,  and,  like  them, 
highly  caustic ;  like  them,  too,  it  may  be  precipitated  from  its  solutions  by  means  of  sul- 
phuric acid  and  sulphates,  though  not  so  readily ;  and  not  except  certain  precautions  be 
taken,  which  wiU  be  mentioned  further  on.  From  a  consideration  of  these  facts,  we  learn 
that  carbonate  and  sulphate  of  lime  are  far  less  insoluble  than  the  corresponding  salts  of 
baryta  and  strontia.  Lime  cannot  be  fused  by  the  strongest  furnace  heat,  and  it  is 
almost  infusible  in  the  ozy-hydrogen  flame.  Lime,  like  baryta  and  strontia,  combines 
with  water,  and  forms  many  hydrates.  During  this  process  of  combination,  mucli 
heat  is  eyolyed.  When  only  sufficient  water  has  been  added  to  make  the  lime  crumble 
to  powder,  the  result  is  called  slaked  lime ;  when  enough  is  added  to  form  a  paste,  this 
is  called  cream  of  lime ;  and  a  colourless  solution  of  lime  in  water  is  called  lime-water. 
The  quantity  of  Ume  capable  of  being  dissolved  by  water  is  very  minute,  not  exceeding 
one  part  in  a  thousand,  and  still  less  if  the  water  be  hot :  for  lime  presents  the  remark- 
able condition  of  being  more  soluble  in  cold  than  in  hot  water.  Lime-water,  when 
prepared,  must  be  preserved  from  atmospheric  contact,  otherwise  it  absorbs  carbonic 
aoid,  and  forms  carbonate  of  lime.  The  applications  of  lime  are  numerous  and  im- 
portant. It  constitutes  the  basis  of  all  aerial,  and  the  greater  number  of  subaqueous 
mortars,  and  is  extensively  employed  as  a  fertilizer.  The  theory  of  the  hardening  of 
mortars  partly  depends  on  the  lime  absorbing  carbonic  acid,  and  becoming  carbonate, 
and  partly  on  its  dissolving  silica,  and  generating  silicate  of  lime.  When  the  latter 
compound  exists  below  a  certain  limit,  the  morter  is  readily  disintegrated  by  water, 
but  when  the  quantity  of  silicate  of  lime  preponderates,  and  more  especially  where  it 
is  mixed  with  certain  amounts  of  silicate  of  iron  and  alumina,  it  is  no  longer  attacked 
by  water,  and  thus  forms  a  subaqueous  cement. 

Sulphate  of  Lime. — ^This  compound  may  be  directly  formed  by  the  addition  of  sul- 
phuric aoid  to  Ume  or  carbonate  of  lime,  or  by  mixing  any  soluble  lime  or  calcium  salt 
with  sulphuric  acid  or  any  soluble  sulphate. 

The  remark  has  already  been  made,  that  sulphate  of  lime  is  far  less  insoluble  than 
the  sulphates  of  baryta  and  of  strontia ;  one  part,  in  point  of  fact,  dissolves  in  about 
300  of  water,  hence  lime  does  not.  admit  of  being  completely  thrown  down  from  a  mere 
aqueous  solution  of  lime  salt  by  mere  addition  of  sulphuric  acid  or  a  soluble  sulphate. 
If  alcohol,  however,  be  added  to  the  solution  in  certain  proportions,  the  sulphate  of 
lime  may  be  completely  deposited,  a  circumstance  which  is  £requently  taken  advantage 
of  in  analytical  chemistry. 

It  is  the  native  sulphates  of  lime,  however,  which  claim  most  especially  our  atten- 
tion. Native  sulphate  of  lime  occurs  in  two  forms — anhydrous  and  hydrated.  The 
former  is  known  by  the  mineralogical  term  anhydrite,  and  the  latter  is  called  Plcuter 
of  Paris,  or  Gypsum.  This  compound,  when  quite  pure,  is  a  binhydrate,  and  is,  there- 
fore, represented  by  the  formula  Caj,  SO,  -|-  2H0.  It  is  rarely  found  quite  pure, 
however,  generally  containing  variable  portions  of  clay  and  carbonate  of  Hme.  When 
gypsum  is  carefully  heated  at  temperatures  from  250®  Fah.  to  270''  Fah.,  its  water  is 
evolved,  and  anhydrous  sulphate  of  lime  remains.  This  latter  substance  is  much 
employed  for  the  purpose  of  taking  casts,  and  the  theory  of  its  action  is  simple.     It 
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chemically  unites  with^water,  and  again  returns  to  the  condition  of  hydrated  sulphate 
of  lime.  Occasionally  gelatinous  matters  are  dissolved  in  the  water  employed,  and  for 
some  purposes  alum  is  calcined  with  gypsum.  Alum  plaster  does  not  set  yery  quickly, 
but,  when  once  set,  the  result  is  more  hard  and  durable  than  ordinary  hardened  plaster  ; 
it  is  therefore  preferable  for  certain  purposes,  and  bemg  somewhat  transparent,  it  is 
more  elegant. 

Carbonate  of  Lime, — Whenever  lime-water  is  exposed  to  the  action  of  carbonic  acid, 
either  alone  or  mixed,  or  whenever  a  soluble  salt  of  lime  or  calcium  is  mixed  with  a 
soluble  carbonate,  carbonate  of  lime  results.  Native  carbonate  of  lime,  however,  is  of 
the  greatest  importance,  and  is  very  widely  difEused  through  nature.  Kot  only  does  it 
constitute  large  portions  of  the  crust  of  Uie  earth,  but  it  is  diffused  in  minute  quanti- 
ties throughout  the  members  of  the  animal  and  vegetable  kingdoms.  Native  carbonate 
of  lime  may  be  crystallized  or  amorphous.  The  former  is  found  in  two  crystalline 
systems,  constituting  two  minerals,  known  respectively  as  Iceland  or  calcareous  spar, 
and  arragonite.  The  former  belongs  to  the  rhombohedral  system  of  Weiss  and  Mohs, 
the  second  belongs  to  the  right  rectangular  prismatic  system. 

The  amorphous  varieties  of  carb(»iate  of  lime  are  far  too  numerous  for  individu- 
alization.   The  purest  variety  is  white  statuary  marble. 

Carbonate  of  lime  does  not  dissolve  in  pure  water  in  any  appreciable  quantity  \  but 
it  readUy  dissolves  in  water  containing  carbonic  acid.  This  fact  renders  easy  of  com- 
prehension a  £requently-observed  phenomenon,  occurring  when  certain  waters,  rich  in 
carbonic  acid,  and  filtrating  through  calcareous  beds,  are  boUed.  Under  these  circum- 
stances, a  crust  of  carbonate  of  lime  is  deposited,  owing  to  the  evolution  by  heat  of 
the  carbonic  acid  in  which  it  was  dissolved.  On  the  small  scale,  boiling  becomes 
an  efficient  means  by  which  carbonate  of  lime  may  be  caused  to  deposit  from  the 
waters  in  question ;  but  to  large  bulks  of  water  it  is  obvious  this  treatment  will  not 
apply. 

To  Dr.  Clarke,  we  are  indebted  for  another  plan  of  accompHshing  the  same  result. 
Instead  of  dissipating  the  excess  of  carbonic  acid  by  heat,  he  removes  it  by  the 
addition  of  a  further  amount  of  Hme,  by  which  treatment  the  original  amount  of 
super-carbonate  of  lime  (whatever  be  its  exact  atomic  constitution)  is  reduced  to 
the  state  of  monocarbonate ;  being  thus  necessarily  rendered  insoluble  in  water  it 
deposits. 

,  Thosphates  of  Zime. — ^There  are  numerous  compounds  of  phosphoric  acid,  in  its 
three,  modifications  with  lime.  The  chief  phosphates  of  lime  which  have  been  studied 
are  the  following. 

Siphoaphate  of  Limey  improperly  so  eaUed.—Thh  salt  has  a  formula  of  (CaO  +  2H0) 
PO5,  and  is  generated  by  treating  bone  earth  with  sulphuric  acid,  separating  the 
sulphate  of  lime  which  deposits,  and  evaporating  the  filtered  Hquor.  The  phosphate  in 
question  then  crystallizes. 

Phosphate  of  Zime,  having  the  formida  of  (2CaO  +  H0)P05  -f  4H0.  This  salt  is 
generated  by  addmg  ordinary  commercial  phosphate  of  soda  (2Na0  +^H0)P05  +  24HO 
to  any  soluble  salt  of  lime.    It  is  a  white  gelatinous  substance. 

Phosphate  of  Zime,  having  the  formula  of  SCaOPO,.— This  salt  may  be  prepared  by 
digesting  the  preceding  compound  with  ammonia,  which  dissolves  a  portion  of  phos- 
phoric acid ;  or  by  adding  an  excess  of  phosphoric  acid  to  a  solution  of  chloride  of 
calcium,  and  supersaturating  the  mixture  with  ammonia.  This  is  the  phosphate  of 
lime  which  exists  in  bones,  and  also  in  a  native  mineral  species  termed  apatite.    Bone 
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a^es  aro  composdrf  of  tarhr  phosphate,  mised  with  oaitonate  of  lime  in  tile  propoifioiw 
oflthsandjth. 

Metapkfsphate  o/i»me.— This  salt  is  represented  by  the  formtda  CaO^  PQ;,  a&d'is 
generated  by  heating  tile  biphosphate  (CJaO  +  2HO)P05  to  redness". 

ChUfHck  of  Lime,  hnpropeiiy  sd  called.  When  sdalced  lime  is  exposed  to  tiie-  actitni' 
of  chlorine,  the  latter  is  absorbed,  and  a  pulverulent  material,  known  in  th«  9st\k  as 
chforMe  of  time,  results.  The- material  is  extensively  employed-  in  bleaching'operatiwns, 
in  some  varieties  of  ctdico  printing  by  the  process  of  ^eh^ar^e,  aw  it  is  appropriatidy 
termed,  and  for  numerous'  other  purposes;  The  so»-caIled  cMoride"  of  Ihbc  of  commerce 
is*  not  ar  dfetfnite  compound ;  but  the  material  on  which  the*  efltectrve  property  depends 
is  hypt)chloritB  of  lime.  If  commerciar  chloride  of  lime- be  treated  with  water;  hypo- 
chlorite of  lime  is*  dissolved  out.  It  may  be  also  directly  fbrmetf  by  tRe  adWxtore  of 
hypocWorous  acid  wilJr  cream — or  milk — of  lime ;  the  lattermtisf,  however,  be  itr  ereesr, 
otherwise  the  hypochlorite  of  lime*  is  decomposed-  iutt)  chlorate  of  lime,  and  citeriiJe 
of  calcium. 

CMorometry. — This  term  may  be*  correctly  applied  to  the  >!Stima€K)tt  of  chBMfiUfr 
generally — ^more  usuaHy,  howetier;  it  is  restricted'  to-  the  specfMfe  case  of  eBtimal5ng 
the  effective  amount  of  chlorine  in  commercial  bleacfiiBg-powfer;  or  tile  soM^aiSed 
chloride  of  Kme.  The  trst  method  empToyed  was'  base*  on  tb»  estimfrtitm  of  tiie 
amount  of  indigo'  susceptible  of  decolbnratlon  by  treatment  wflft  ar  disfinitid'  amomrt'of 
bleaching-powder;  but  that  process  having  been  found  incorpecl^  it  hue  givwi  pfacftto 
a  process  founded  on  the  property  w^lich  chforine  has-  of  convertfag^  arsewiowf  into  arsetffc 
acid.  The  following  proportions  of  matferials  are  recommenxfed  by  Sir  Robert  HietiMr, 
ancf  afe  fouttd  to  answer  well  hi  practice.  Bfesolve  lOt)  grains  of  arsenions  acid  fat 
2000  grains  of  strong  hydrochloric  acid,  and  ther  liquor  diluted  with  distifled  w«t^ 
until  it  occupies  ^e  volume  of  700  gfains  of  water.  The  liquid  thus  constituted  is  tike 
standard  test  liquor,  which  is  used  as  follows :— Diffuse  100  grains  of  the  commetcM 
substimce  to  be  examined  through  tWi^  grains  of  water,  and  pour  upon  it  the  test 
liqnorfrom  a  graduated  glass  tube  hrfo  a  deepjaf,  (Jontinnaliy  agitatfegthe  mixtow?; 

Cbntfnue-  the  opeitition  of  ponrrrrg  and  agftatftw, 
untif  the  decolouring  power  of  the  mixture  is  <wiir- 
pietely  destroyed,  a  resnlt  which  is  Ifaxown  By- 
testing  it,  jfrom  time  to  time,  with  a  drop  of  solfttfeit 
of  sulphate  of  indigo.  The  absoMe  quantity  of 
effe*tivi8'  chkttiB€f  present  in  106^  gunns-  of  cm»- 
mercial  chloride  of  lime  examined,  is  knoirBf  ^ 
dividing  th«  qaajrt%  (meastfw^  of  tft»  tart  Kqnor 
employed  by  10^. 

Ancfflrer  process,  equally  good,  iir  asr  ftdfows : — 

300  grains  of  crystalline  and  diy  sulphate  of  firott 

are  to  ber  dSssolviftd  ra  the  requisite  quantity  of  water 

for  bringing  the-  sofetii^n'  to  the  tohune  <jf  ^W« 

grains  of  water ;  this  is  the  standard,  or  test  solution.    100  grains  of  tii^  conmiwdrf 

samidcf  are  now  weighed  out,  diffused  through  water,  and  the  soltrtien  of  srafphate 

of  in>n  added  in  ther  slightest  possible  excess,  an  event  known  by  the  sohxtioor  taJdag 

a  Wuc  cofour  when  tested  with  prussfert^  of  potash.    By  fividing  the  quanftilJy 

(measure)  of  sulphate  of  iron  employed,  by  100,  the  qnantfty  of  availaW«  dfhaisw 

pi«sent  isf  aniVed'  at.    On  the  large  sealej  bleachmg-powder  is  prepared  by  generating 
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chlorioe  in  a  leaden  stiU,  to  which,  an  apparatxis  for  stirrui^   without   admitting 
atmospheric  ak,  is  attached. 

The  best  samples  of  commercial  bleaching-powder  contain  about  30  per  cent*.  o£ 
chlorine. 

CSi^cMtfoi.  u^tVA  jS^pAmt.— Sulphates  of  sulphurets  of  calcium.  Of  these  bodies  tb^re 
are  several,  but  none  are  of  any  great  importance. 

Calektm  ufiih  CAZ^rnM.— Chloride  o£  calcium.  There  is  only  one  known  ccmipound 
of  chloruiA  with  eakiim^  and  it  is  of  great  importance,  both  as  a  laboaratoi^  ag^it,  and 
in  several  arta  and  mannffteturee. 

H'i^airaiion. — WhoA  hydrochloric  acid  is  saturated  with  lime,  hydcate  of  lime,  or 
carbonate  of  lime,  and  the  mixture  evaporated  to  the  necessary  extent,  crystals  are 
deposited  having  the  following  formulan-Ca  CI  -|^  dHO.  They  may  be  regarded  as 
hydrochlorate  of  lime,  or  chloride  oi  calcium,  according  to  the  theory  of  their  coQstilo*> 
tion  adopted.  By  fusing  these  crystals  in  an  iron,  or  still  better  a  platinum  vesaei^  aU 
the  water  is  expelled,  and  a  fused  residue  remains,  which  can  be  Jio-  other  thaa  c^bkrido 
o£  ealcuuD.  If  the  crystalUzed  salt  be  heated  merely  to  400°  Fah.,  a  porous  masa 
remains  eontaining  only  two  atoms  of  water.  In  this  state,  as  well  as  rendered  cooh 
pletely  anhydrous  by  fusion,  diloride  of  calcium  is  of  extensive  implication  in  the 
laboratory  as  an  agent  for  aeeom^^hing  the  absorption  of  water.  Crystallized  chl!i>- 
ride  of  calcium  develops  a  low  degree  of  temperature  during  the  aet  of  sohition.  ia 
waiter,  and  for  this  reason  frequently  enters  into  the  composition  of  freezing  mixtoces. 
Chloride  of  calcium  readily  dissolves  in  alcohol,  and  when  the  alcoholic  solution  is 
evaporaked^  crystals  deposit,  holding  a  portion,  at  present  unknown,  of  alcohol  ia  their 
corapoeitMHi. 

CaUsium  with  Fkmrme  (Fluoride  of  Calcium). — This  ia  the  well  known  FluMy  om 
Derbyshire  spar,  so  called  on  account  of  the  property  which  it  haa  <rf  itnci«aaiB|p  the 
fusibility  of  many  other  miaeraL  subataneea  when  heated  in  admixtme  with  them. 

General  characteristic  distinctions  of  Calcium  compounds, — ^The  solutions  are  not  pre- 
cipitated by  ammonia,,  but  are  readily  precipitated  by  alkaline  carbonate.  They  impart 
ff  tawny  orange  tinge  to  flame. 

When  diluted  considerably  they  no  longer  afford  a  precipitate  with  sulphuric  acid, 
and  soluble  sulphates. 

They  yield  a  white  preeipitate  with  oxalie  acid,  and  oxsibete  of  aBunonia,  nearly 
insc^iclile  in  water,  md  in  an  eaeese  <^  oxoHc  acid.  Ozalie  add  azid  oxalate  of  ammo- 
nia maybe  logoided  ae  the  efalef  separative  agents  for  lime  em.i  of  &e  various  ealcRUB 
si^baiio&s. 

HAGNESniK. 

Pr^mraiim^ — By  dsoomposing  8nh3rdroi]s  chloride  of  magnesxuxa  wilh  potaaraBk 
or  sodfnm.  The  decompesitkKn  may  be  effected  in  a  pUdaanm  crucible  having  itaKd 
tied  firmly  down.    A  red  heaft  ia  zefuired. 

IH»$pevtmtt, — ^A  white  metal,  something  like  silver  ia  af^azaaee,  not  pcrcsepUbly 
oxidiMd  by  eoild,,  hai  rafxtdly  by  boiling  water. 

Moffnesium  and  Oxygen.  Oxide  of  Magnesium  (Magnesia). — This  ia  the  only  onn* 
pomid  «f  oxygen  and  magftesium  known.  It  zesulta  whenever  magnesium  beoames 
Ofddlaed,  bui  is  piqpared  in  practiee  by  ealcining  native  carbonate  of  magnesia,  alto<by 
exposing  nitrate  of  magnesia  to  an  elevated  temperature. 

Preperttn^r-'A,  white  powder  infustUe  in  the  highest  furnace  heat,  mwe  insoluble 
than  lime  in.  water,  and  manifestiag  a  distinct  alkaline  reaction  on  test-papers. 
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Magnetia  with  Sulphuric  Acid  (Sulphate  of  Magnesia). — This  is  the  well  known 
Epsom  salt,  so  called  from  being  a  constituent  of  water  drawn  from  a  spring  in  that 
locality. 

Preparation. — Directly  by  saturating  dilute  sulphuric  acid  with  magnesia,  its  car- 
bonate, or  the  hydrate  of  its  carbonate ;  also  by  treating  magnesian  lime-stone  with 
sulphuric  acid,  tiie  difference  between  the  solubilities  of  sulphate  of  lime  and  sulphate 
of  magnesia  constituting  an  easy  means  of  effecting  the  separation  of  one  from  the 
other ;  indirectly  from  the  sea- water,  from  which  common  salt  has  been  deposited. 

Sulphate  of  magnesia  forms  prismatic  crystals,  the  composition  of  whidi  is  repre- 
sented by  the  formula  Mg  0^  SO3  +  ^^  ^0*  ^^  combines  with  alkaline  sulphates 
forming  double  salts. 

Nitrate  of  Magnesia. — May  be  found  by  the  direct  process.  It  is  an  exceedingly 
deliquescent  salt,  completely  decomposed  at  a  red  heat,  pure  magnesia  in  a  dense  form 
remaining. 

Carbonate  of  Magnesia. — Large  quantities  of  this  material  are  found  in  nature,  both 
pure,  and  as  a  constituent  of  Dolomite  (magnesian  lime-stone).  For  the  most  part 
pure  natiye  carbonate  of  magnesia  is  amorphous,  but  crystalline  specimens  exist.  A 
so-called  carbonate  of  magnesia  is  produced  artificially  by  decomposing  solutions  of 
sulphate  of  magnesia  by  the  addition  of  an  alkaline  carbonate.  The  white  geLatinous 
substance  deposited  is,  however,  not  pure  carbonate  of  magnesia,  but  that  substance 
mixed  with  yariable  portions  of  hydrate  of  magnesia.  Carbonate  of  magnesia,  Hke 
carbonate  of  lime,  is  soluble  in  excess  of  carbonic  acid. 

Phosp?Mtes  of  Magnesia. — ^There  are  numerous  phosphates  of  magnesia,  most  of 
which  have  been  imperfectly  studied.     They  are  all  inferior  in  interest  to  the  double 
phosphates  of  ammonia  and  magnesia,  two  of  which  have  been  individualized. 
The  first  has  a  composition  of 

[2(NH3,  HO)  -f  HOjPOj  +  (2MgO  -f  HO)?©^  +  6H0, 
and  may  be  formed  by  the  addition  of  a  solution  of  ammonia  in  ordinary  phosphoric 
acid  to  a  hot  solution  of  sulphate  of  magnesia.    The  second,  having  tie  following 
composition,  is  of  most  importance : — 

NH,  HO  +  2MgO)P05  +  6H0. 
It  may  be  generated  by  adding,  firstly,  solution  of  sal  ammoniac,  then  ammonia,  to 
a  solution  of  sulphate  of  magnesia.  The  salt  which  deposits  is  completely  insoluble 
in  the  generating  fluids,  and  hence  affords  a  ready  means  of  separating  magnesia  from 
other  bodies  in  analytical  researches.  The  precipitate,  however,  is  somewhat  soluble 
in  water,  for  which  reason  the  filter  containing  it  must  be  washed  with  the  smallest 
practical  quantity  of  that  liquid,  or  still  better,  with  a  solution  of  sal  ammoniac,  in 
which  the  precipitate  is  insoluble.  This  double  phosphate  of  magnesia  and  ammonia 
is  occasionally  found  as  the  constituent  of  certain  human  urinary  calculi. 

Silicates  of  Magnesia. — ^Various  silicates  of  magnesia  occur  naturally.  Meerschaum, 
talc,  and  serpentine  are  familiar  examples.  Magnesian  minerals  are  oharacterlEed  by 
giving  the  impression  of  soapiness  when  touched. 

Magnesium  jand  Chlorine. — Chloride  of  Magnesium.  Only  one  compound  of  these 
elements  is  known.  It  derives  a  certain  interest  as  being  the  material  employed  for 
the  production  of  magnesium. 

Preparation. — When  magnesia,  its  carbonate,  or  its  hydrate,  is  added  to  hydro- 
chloric acid  until  saturation  of  the  latter  has  been  effected,  and  the  resulting  solution 
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is  careiully  evaporated,  a  crystalline  mass  results,  which  is  analogous,  in  its  general 
nature,  to  crystallized  chlorine  of  calcium.  Theoretically,  we  might  infer  that  the 
crystals  in  question  should  yield,  when  heated  to  the  required  extent,  anhydrous  chlo- 
ride of  magnesium — ^practically,  however,  the  latter  hody  cannot  he  ohtained  in  this 
manner;  it  suffers  decomposition,  evolves  hydrochloric  acid,  and  leaves  magnesia. 
Chloride  of  magnesium,  however,  may  he  obtained  pure  and  anhydrous  in  the  follow- 
ing manner :— Add  sal  ammoniac  to  a  concentrated  solution  of  magnesia  in  hydro- 
chloric acid,  and  evaporate  the  mixture  to  dryness.  Place  the  dried  result  in  a 
platinum  crucible,  and  heat  the  latter  to  redness.  The  fixed  and  fused  result  is  pure 
chloride  of  magnesium. 


General  Characteristics  distinctive  of  Magnesian  Solutions. — ^They  yield  a  white, 
gelatinous  precipitate,  with  alkaline  carbonates. 

They  yield  a  white  precipitate  with  ammonia  in  solution,  perfectly  neutral,  and 
£ree  from  ammoniacal  salts.  If  the  latter  be  present,  however,  precipitation  of  ammonia 
does  not  occur. 

They  yield  a  precipitate  with  lime-water. 

They  do  not  yield  a  precipitate  with  sulphuric  acid,  or  sulphates,  except  their 
solutions  be  exceedingly  strong. 

Evaporated  to  dryness,  the  residue,  moistened  with  nitrate  of  cobalt,  and  heated  in 
a  blowpipe  flame,  a  rose-coloured  tinge  is  produced. 

ALUMINIUM. 

Equivalent  or  atomic  weight       .        .        .        137 
Specific  gravity 2*6 

This  metal  is  an  extensive  constituent  of  the  inorganic  world.  It  enters  largely 
into  clays  and  marls,  and  few  rocks,  understanding  that  term  in  the  geological  senses 
are  without  it. 

JPteparation, — Aluminium  may  be  prepared  by  decomposing  chloride  of  aluminium 
by  means  of  potassium  or  sodium,  and  washing  away  the  resulting  alkaline  chloride 
with  water ;  in  which  liquid  aluminium  is  unalterable  at  any  temperature. 

.  Until  lately  aluminium  had  only  been  prepared  in  small  quantities,  and  was  but 
little  studied ;  within'  the  last  year,  however,  a  process  for  manufacturing  it  on  the 
large  scale  has  been  instituted,  under  the  auspices  of  the  Emperor  of  the  French,  by 
M.  St.  Claire  Deville.    Several  bars  of  aluminium  have  now  been  produced,  and  some 
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notions  formerly  entertained  respecting  it  haye  been  ^scorered  erroneous.  For 
example,  the  impression  was  fonnerly  entertained  that  alnminitrm  cfonld  scarcely  be 
fnsed  by  the  stssngest  famaee  heatS)  whereas  it  is  now  found  to  melt  witk  almost  the 
facility  of  silver.  Formerly,  too^  it  was  beKered  that  alnmmiuiK  wonld  tarnish  by 
exposuie-  to  wvteFy  yapoor  and  general  atmospherie  inilaenGes ;  that  notion,  too,  has 
beea  fomid  ineorreet. 

The  method  of  produetng  alnnrinimn  by  M.  St.  Claire  Deyille  is  essentiaSy  the 
method  formei^  hnown — ^namely,  by  ^e  action  of  sodzirm  on  ehitoride-  of  alnmiBLiim. 
Potassium  wmild  have  equalty  answered  the  purpose,  a»  we  have  seen,  had  consider- 
ations of  economy  not  interfered  with  its  extensive  application.  Hitherto  no  metfhod 
has  been  devised  for  materially  lessening  the  cost  of  the  production  of  potassium ; 
sodium  is,  however,  now  procurable  at  Paris  for  about  ten  shillings  per  lb.  avoirdupois. 
It  is  generated,  in  point  of  fact,  with  scarcely  greater  difficulty  than  zinc.  -It  is 
owing  to  the  extreme  cheapness  ef  seddum  more  than  any  other  reason  that  M.  St. 
Claire  Dcville  has  been  enMed  to  ehtoam  ainadnium  in  comparatively  large  quantities^ 
for  his  actual  process  of  wtmafsMskaaie  iawvilvea  no  new  principle.  He  at  present 
employs  iron  tabes  in  whiclt  tfr  eftet  tbm  dmnposition  of  chloriiie  of  aluminium  by 
sodium ;  birf  Ihia  is  a  contrifaoee  wh£db  h*  informs  u«  lesvea  sonwihiag  to  be  desired. 
Chloride  ef  alxsBBiium  em^ey^f  in  the  pnwess  of  aluanium  ■nmi&cture  will  be 
described  £irther  en. 

aimCsbktum  wrrs  oxiwen— ^xsms  or  Mnvseanxnii  om  altmouu 

The  only  known  compound  of  aluminium  with  oxygen  is  alumina. 

FrtpataHom — {)).  Sy  the  addition  ai  ewbonate  of  Mmuonia  to*  alunir 

(2).  By  strongly  heating  ammoniacal  alom. 

Fr«perHa. — A  white  powder,.  inMhabke  in  water,  easily  dsssoHed  by  a  soltitien  of 
potaak,  aoda,  ■troiitia,^  or  borytft,.  exeept  it  have  be«n  headed  to  icdnesB,  whan  its- 
solubility  in  these  agents  is  destroyed.  Ammonia  dissolves  it  also  to  ai  triflbi^ 
extent.  It  is  soluble  also  in  acids  to  a  lajge  ^Etent,.  if  ithasbeeift  recently  tdirown 
dowik,  hot  dig^ilHy  if  it  has  bean  conaoiidated  by  heatisg'.  AhuBina,  eoloorffd  with 
various  calcigenous  metallic  bodies,  is  found  crystalline  m  natvre,  tsfnaing  beantifid 
gema^  ef  wkidli  the  ruby  sad  the  sapphire  rasy  be  cited  as  axanidssi 

Considerable  difference  of  opinion  haa  existed  amoogit  chenisls  agio  1^  alooncr 
constitution  of  alumina.    Being  the  only  known  compound  of  aluminium  and  oxygen 
it  might  be  inferred  to  contain  a  single  atom  of  each.    This  assumption  is,  Iiowever, 
not  believed  to  aecord  with  the  truth.    Alumina  is  considered  to  be  a  compound 
of  AI2O3.    The  percentage  composition  of  alumina  is  as  follows : — 

Aluminium         .........    53*27 

Oxygen      .        .  ....  .        .    4S'T9 

100-Oa 
CKLflaaKa  ajxb  ALrioainncr— cs&OBXDa  op  MxaasamL. 
Alnmiatt  imMky  dasn^vea  in  hydrodkiaiBe  acdd ;  b«ft  Monis  of  abnminlQiB  aaanot 
be  obtained  by  eyiqwaatiiig  the  sohitian.  to  dryness.    When.'  tiras  treated  a  simalup 
deeoiapoeitiim  takov  place  to  tiiat  ahready  descrHaed  under  tis'  head  of  dUoridt  of 
raagBasinBi. 

Fr9pm%§itm, — ^Fiaixly  preeipxfiated  ahanina  is  intimately  jaisced  with  some  M^ily 
oasbeoBMooa  mibataMe^  sueh  as  chazcoal  pmrder,  sngaiy  tar^  Ac,  and  l&e  whole.] 
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inito  *pa0te'WitIk  oil,  if  it  ha/m  not  th«  noeessarf  oonsistenee  iritbout.  Tlie 
ii  next  feme^  into  peUeti^  wfmk  sstet  to  be  dried^  and  strongly  ealomed  in  a  erueible. 
These  pellets  being  Impost  iMo  a  pos'celaiai  tube  nm  througit  a  lighted  liiniaee,  and 
dried  chlorine  gas  transmitted,  chloride  of  aluminium  pasaegi  oyer,  and  may  be  qqxl- 
densed  inta  a  crystaUino  mam  hf  applyia^  eold  externally  to  the  reeeiyes. 

Pr9pertie», — ^A  straw-eoloured  body,  solid  and  crystalline  at  or^nozy  tempera- 
tures ;  yery  prone  to  combine  with  watcr^  fipoxn  whidi,  when  once  nnited,  it  caanot  bo 
separated  by  ainy  known  mesns. 

AJJffVmX  AND  aULPKUBIC  ACID    (STH^PHATE  OP  ALUMINA). 

Pr^mrtition. — By  nturatiBg  dilate  sulphniie  acid  with  freahly-precipitated  hydrate 
of  alumina  (alumina  plua  vatei),  and  eyaporatinig  the  selutioB. 

Preperties. — Crystallises  with  difficulty  in  thia  plates ;  soluble  in  twice  its  weight 
of  water  at  60°  Jak.  It  affects  litmus  paper  like  an  acid,  and  possesses  a  sweet  and 
somewhat  astringent  taster  By  a  red  heat  it  is  decomposed,  alumina  being  left.  The 
alanstta^l^ms  generate^  howeyer,  is  HaUe  to  be  contaminated  with  a  small  portion  of 
sulphuric  acid. 

Perhaps  the  most  remarkable,  and  certainly  the  most  important,  property  of  sul- 
phate of  alumina  is  its  tendency  to  unite  with  a  second  sulphate,  and  generate  for  each 
secondary  combination  a  double  salt.  For  example,  there  is  a  compound  of  sulphate 
of  altiffiiBa  and  sidphaie  of  potash ;  anotfasF  compound  of  sulphate  of  alumma  and 
sulphate  of  soda ;  a  third  of  sulphate  of  alumina  and  sul|phate  of  iron ;  a  fourth  of 
sulphate  of  alumina  and  sulphate  of  ammonia.  To  all  the  double  sulphates  in  question 
the  generic  name  of  alum  is  applied.  In  this  way  we  have  potash  alum  (which  is  the 
salt  commonly  termed  alum),  soda  alum>  iron  alum,  ammonia  alum,  and  some  others. 
The  atomic  constitution  of  potash  alum  is  as  follows  : — 

Al^  O3,  3S0j  +  KO,  SO3  +  24KO\ 
Tt  is  a  salt  of  great  importance  in  the  arts,  and  is  extensiyely  manufactured  on  a  very 
large  scale.  The  raw  material  employed  in  the  alum  manufacture  is  alum  shie,  or 
alum  eia^f  as  it  is  sometimes  termed.  Alum  slate  is  a  compound  or  mixture  of  alumina, 
siHca,  and  bisulphuret  of  iron.  This  being  roasted,  and  exposed  to  air  and  moisture,  it 
speedily  disintegrates  into  powder.  By  this  treatment  the  bisulphuret 'of  iron  becomes 
transformed  into  the  monosulphate  of  that  metal,  and  the  alumina  into  sulphate  of 
alumina.  The  solution  being  concentrated,  chloride  of  potassium  is  added ;  by  which 
treatment  protochloride  of  iron  and  sulphate  of  potash  result.  The  latter  combining 
with  sulphate  of  alumina,  alum  is  generated  in  a  solution  of  protochloride^f  iron. 
The  latter  material  is  yery  soluble,  and  does  not  crystallize  readily ;  whereas  alum 
can  be  crystallized  by  eyaporation  without  difficulty.  Hence  this  substance  may  be 
freed  from  the  solution  of  chloride  of  iron  by  taking,  advantage  of  the  property  in 
question.  In  order  to  be  pure,  however,  it  requires  to  be  redissolved  and  recrystallized, 
once  at  least,  if  not  twice  or  more.  For  many  purposes  to  which  alum  is  applied  in 
the  arts,  the  presence  of  iron  would  be  a  disadvantage.  Roman  alum,  generated  by 
the  natural  decomposition  of  felspar,  is  celebrated  for  its  complete  freedom  from  iron,  a 
quality  which  used  to  render  it  valuable ;  but  since  improved  methods  of  chemical 
treatment  have  been  adopted,  alum  prepared  by  artificial  processes  is  turned  out 
remarkably  pure. 

Potash  alum  crystallizes  in  forms,  usually  octohedral,  belonging  to  the  tessular  or 
cubic  system  of  Weiss  and  Mohs.    It  has  a  peculiar  astringent  taste,  and  manifests  an 
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acid  reaction  on  test-paper.  It  is  solable  in  its  own  weight  of  boiling  water,  and  in 
18  parts  of  water  at  60°  Fah.  Burnt  alum  is  the  result  of  heating  potash  alum  until  all 
its  water  has  been  expelled.  Exposed  to  a  still  higher  temperature,  sulphuric  acid  is 
eyolved  and  the  salt  is  decomposed. 

Soda  alum  may  be  prepared  like  potash  alum,  by  substituting  chloride  of  sodium  for 
chloride  of  potassium  in  the  process  of  manufacture.  It  resembles  potash  ,alum  in 
crystalline  figure,  taste,  and  general  properties. 

Ammonia  alum  is  very  similar  to  .potash  alum  in  all  its  physical  and  many  of  its 
chemical  qualities.  When  strongly  heated  it  is  decomposed,  the  sole  fixed  result  being 
alumina,  if  the  operation  have  been  conducted  with  adequate  care.  It  is  liable,  how- 
eyer,  to  retain  a  little  sulphuric  acid  ;  and  for  this  reason  the  alumina  resulting  from 
this  mode  of  treatment  cannot  be  relied  upon  for  extreme  purity. 

Distinetive  eharacieriatics  of  Aluminium  Compounds  in  Solution. — ^They  all  yield  a 
precipitate  with  ammonia.  Solutions  of  caustic  potash  and  soda  yield  a  precipitate 
soluble  in  excess  of  the  precipitating  agent.  They  are  precipitated  by  lime-water,  also 
by  alkaline  carbonates — not,  howeyer,  as  carbonate  of  alumina,  but  as  the  hydrate  of 
that  earth,  also  by  alkaline  hydrosulphates. 

Mixed  with  nitrate  of  cobalt,  and  heated  in  the  blow-pipe  jet,  a  blue  colour  is 
deyeloped. 

GLX7CINX7M  OB  GLUCINIUM,   THOBIUM,   ZIBOONIUM,   YTTBIUM,   E&BIUM,   AND  TBBBIUH, 
CEBIUM,    LANTHANIUM,   AND  DIDYMIUH. 

These  metals  are  so  exceedingly  rare,  and  so  seldom  enter  into  the  ordinary  routine 
of  chemical  inquiries  that  an  elaborate  description  of  them  is  unnecessary  here.  They 
constitute  the  respectiye  metallic  radicles  of  oxides  which  are  earths,  and  are  designated 
by  changing  the  final  um  of  the  respectiye  metals  into  a.  Like  aluminium  and  mag- 
nesium, the  respectiye  chlorides  of  the  metals  in  question,  yield  up  their  chlorine  when 
treated  in  close  yessels  with  potassium  or  sodium.  The  oxide  of  glucinium,  or 
glucina,  exists  naturally  in  seyeral  minerals,  chiefly  yarieties  of  the  emerald,  which 
substance  may  be  regarded  as  a  double  silicate  of  alumina  and  glucina.  Glucina 
resembles  alumina  in  its  general  properties,  but  it  differs  from  that  earth  by  its  capa- 
bility of  dissolying  in  solution  of  carbonate  of  ammonia,  also  by  the  sweetish  taste 
possessed  by  its  soluble  compounds;  hence  the  terms  glucinium  and  glucina^  from 
y\vKvs,  sweet.  Glucina  does  not,  like  alumina,  form  alums,  nor  does  it  yield  a  blue 
colour  when  mixed  with  nitrate  of  cobalt,  and  heated  in  the  blow-pipe  flame.  Zirconia 
(oxide  of  zirconium)  deriyes  its  name  from  the  mineral  termed  zircon :  it  is  a  silicate  of 
zirconia,  2Zr2  Oj,  Si  O3  generally  mixed  with  small  amounts  of  oxide  of  iron.  Zir- 
conia is  precipitated  by  caustic  fixed  alkalies,  but  does  not  dissolye  in  an  excess  of  the 
precipitant, — a  characteristic  by  which  it  may  be  distinguished  from  alumina  and 
glucina.  Thorina  (oxide  of  thorium)  was  discoyered  by  Berzelius.  Only  two 
minerals,  thorite  2Ln.d  pj/roehlore,  both  yery  rafe,  are  known  to  contain  it.  Thorina  is 
perhaps  the  heayiest  compound  in  nature,  with  the  exception  of  metallic  alloys — ^its 
specific  grayity  being  no  less  than  9*4.  Its  sulphate  has  the  rare  quality  of  being  more 
soluble  in  cold  than  in  boiling  water.  Tttriumy  erbium,  and  terbium  are  found  respec- 
tiyely  in  the  three  rare  minerals  gadohnite,  athiie,  and  yttrotantalite.  Cerium,  lantha- 
nium,  and  didymium  are  found  associated  in  seyeral  minerals,  but  most  especially  in  the 
mineral  known  as  cerite. 
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CERAMIC  WABE— POTTERY  AND  PORCELAIN. 

Haying  discussed  the  properties  of  kaligenous  and  terrigenous  metals,  it  is  now 
time  to  enter  upon  the  consideration  of  the  series  of  remarkable  compounds,  or  rather 
a  mixture  of  the  compounds,  which  in  the  aggregate  form  the  various  descriptions  of 
ceramic  or  potters'  ware.  The  term  ceramic,  in  its  generic  sense,  applies  to  the  materials 
of  the  potter's  art;  it  has  reference  to  compounds  of  yery  different  value,  from  the 
low-priced  brick  to  the  costly  productions  of  Sevres,  Dresden,  China,  and  Japan. 

General  Remarks.^-Yew  nations,  whether  savage  or  civilized,  have  been  without 
some  kinds  of  ceramic  ware.  Vessels  of  tins  material  are  found  in  the  islands  of  the 
South  Sea :  they  were  manufactured  by  the  ancient  Aztecs.  The  ancient  Greeks  and 
Romans  brought  the  manufacture  to  a  high  degree  of  excellence,  though  they  never 
appear  to  have  progressed  so  far  as  the  Assyrians  and  Babylonians.  The  manufacture, 
however,  of  the  greatest  triumph  of  ceramic  art,  porcelain,  was,  until  late  times,  a  secret 
known  only  to  the  inhabitants  of  China  and  Japan.  Much  difference  of  opinion  still 
exists  as  to  whether  specimens  of  real  porcelain  were  ever  seen  by  the  ancient  Greeks 
and  Romans.  Some  authors  maintain  the  affirmative,  and  believe  that  the  so  called 
Murrhine  Vases,  concerning  which  we  read  in  Roman  authors,  were  nothing  else  than 
specimens  of  real  Oriental  porcelain.  I  am  disposed,  however,  to  think,  taking  all  the 
circumstances  of  the  case  into  consideration,  that  they  were  not  of  porcelain,  and  that 
the  opinion  of  Br.  Thompson,  who  assumes  them  to  have  been  vases  of  Derbyshire  spar, 
was  correct.  In  a  manual  of  non-applied  chemistry,  such  as  tlus,  no  detailed  account  of 
the  numerous  varieties  of  ceramic  ware  can  be  offered.  The  following  general  principles 
will,  however,  give  the  reader  an  insight  into  the  nature  of  these  productions. 

Alumina  is  amongst  the  most  infusible  of  compounds,  but  when  combined  with 
silica  (silicic  acid),  as  we  find  it  in  clay,  and  more  especially  when  combined  with 
oxide  of  iron,  and  of  other  calcigenous  metals,  or  with  the  fixed  alkalies—its  degree  of 
funbility  is  increased.  Hence  clays  naturally  existing  are  more  or  less  refractory 
in  the  fire,  the  degree  of  their  refractoriness  being  in  proportion  as  the  total  amount  of 
alumina  predominates.  By  taking  advantage,  then,  of  this  circumstance,  the  ceramic 
manufifictaier  has  it  in  his  power  to  produce  fictile  materials  which  shall  be  capable 
of  almost  any  degree  of  igneous  agglomeration  up  to  the  point  of  complete  fusion ; 
when  the  result  ceases  to  be  pottery  in  any  sense,  and  becomes  glass. 

Now,  pure  alumina,  or  a  mixture  of  alumina  with  silica,  or  of  these  with  the  fixed 
alkalies,  may  be  exposed  to  any  degree  of  heat  without  sufferijog  any  diminution  of 
their  whiteness ;  but  if  oxide  of  iron  should  happen  to  be  present,  as  is  usually  the 
case  in  most  natural  clays,  the  result  will  be  coloured  more  or  less  red,  as  we  find  in 
bricks  and  tiles.  It  follows,  therefore,  that  white  ceramic  ware  only  admits  of  being 
prepared  by  one  of  two  methods  :  either  by  utilizing  materials  naturally  existing,  or 
by  forming  these  materials  artificially.  The  latter  case  involves  a  somewhat  advanced 
acquaintance  with  chemical  principles,  hence  the  manufacture  of  white  ceramic  ware 
was  long  confined  to  privileged  localities,  and  the  best  description  of  white  ceramic 
ware  (real  poroehun)  was  long  a  monopoly  of  China  and  Japan. 

Coloured  Ceramic  ware. — Familiar  examples  of  these  are  seen  in  our  modem  bricks 
and  tiles,  but  it  was  brought  to  the  highest  degree  of  perfection  by  the  Greeks  anterior 
to  the  time  of  Alexander  the  Great;  also  by  the  Etruscans.  The  latter  people  chiefly 
excelled  in  the  manufacture  of  coffins  made  of  this  material,  and  the  Samian  Greeks 
in  the  manufacture  of  vases. 
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Ancient  classic  yases  are  of  two  kinds— plain  and  ornamented.  Of  the  latter, 
again,  there  are  two  distinct  yarieties — ^red  ornamentation  on  hlack  ground,  and  black 
omamexttation  on  red  ground.  Both  yarieties  of  omiameirtal  yases  ^wem  nnek  ^fdzed, 
and  seem  to  haye  been  oxily  emx/loyed  for  reUjgratn  ttses.  Their  mBBffiwtnre  Ind 
amyed  at  its  bluest  degree  of  ezceSlienoe  at  a  -period  azftenor  to  sCbe  «ws7<xf  MesmdM: 
the  ^Gxeat.  This  ocm^eror  was  ^e  ^rst  to  'introduce  ioto  Greece  ^tt  'gdld  eai  Awtr 
yesseb,  yiriiiclL  dhninii^ed  'die  yalue  of  loituimental  oeramie  Tasei,  ant  gowpd  €hcSr 
manufisetnre  to  languii^  and  eyeotually  to  ^e  diseontmued.  In  the  tSaae  sf  Jkugctftais 
they  had  aSxeadj  b^un  to  be  vpdkm.  of  as  anoiest  yases,  to  be  sougjht  in  twttbs  and 
treasuredin  museums,  just  as  modems  do -now. 

White  Ceramic  ware. — It  is  a  sullTJect  of  4eep  regret  *3ifit'(3ie  iclasflk  nutioiw  irsve 
limited  in  l&eir  ceramic  -productions  by  ^e  nature  of  the  nafterialL  srt  iiieir-aippoaal. 
They  had  only  clays  which  would  burr  red  -,  therefore,  wiien  #iey  had  ^Ebshioaed  'flutn 
into  elegant  ibrms,  and  painted  &ese  withblaek^gures,  fheir  resouroes  ctf  oeraoaSe  exoa- 
mexrtation  were  exhausted.  Two  practical  means  of  vurmounffsng  iihis  (Bffictflty  are 
alone  possMe, — either  tx>loured  ceranne  ware  must  be  frrvAfSA  with  «  wHte  opafve 
vannsh,  or  enamel,  or  -ftie  body  of  "fee  material  must  be  wfnte  •;  tkca&er  loseuiee  'wms 
possible  to  l&e  ancient  Gredcs  -and  Romans,  though,  aswffl  appear  in  tbe  vsqwd, 
l^e  former  expedient  was  known  -to  the  iLssyrians  •axid  Babylonians.  -Olsg  ectMsi  loay  fte 
taScen  i»ihe  olasaification  lof  red  polrtery,  Vldfce-enamelied,  wlit^  wv%ite  -oeratmic  w«m  ; 
neyerfiieless,  for  eonrenience  of  general  cflaseS&ortfson,  theft  mlwme  may  4e  cMLoffted. 

Med  Pffttery  v^tite-enatmUed -{MafoHea -ttfor^ ^The  term  majdUca  is  Aei^sped  Aom 

MigoTca,  the  locality  iu  which  •&e  moAffty  of  pottery  tinder  eensidenrtion  «ira0  ^mt 
established  'by  13ie  Spanish  Saracenfl,  timongst  whom  itwm  brought  to  ^liighdegvee 
of  excellence ;  subsequently  iSxo  same  kind  of  material  was  ttasctfiotwed  ht  l^tkf,  and 
some  of  i&e  greettest  liaKan  arfssts  -were  'empk)3red  in  enA>ellidb»g  ft  wiSb.  ^tinir 
designs.  Italian  -majdlica,  howeyer,  is  not  -yalued  so  b^My  amongst  'dealeni  «b  Ae 
reifl  MoorMi  majolica.  The  principle  on  "which  f&^  o^istanctifm  ^  loiajslica'wmBe  is 
based  is  sim|Jly  this -: — common  red  potteiy^ic^g  unadaiAed  i»  ^fffK  ^rfFetft  tto^Ma^- 
mirtic  omamexrtafion,  its  surface  is  eovered  w'ifaL  ant  'opaque  enamel,  '^hssAy  eon^MMd. 
ot  oodde  of  tin,  which  totally  oonceiils  <&e  unde^ifig  material,  and  -g^y«B  (^  paonfor 
fiftl  scope  for  Ms  ^signs.  Of  tins  9dnd  «re  ^Saie  mnH^  -or  eelemred  ^tSes,  Ibond  m  Ibe 
Alhambra,  and  other  Moorish  oonstructions.  It  is  cobuboi^  'thon^fait  iftait  ike 
Saracens  inyented  this  beatdaM  waare-;  butihe  reeent^co-^ety'OCf-a'fHa-eiinmidled  tile, 
ornamented  wilSh  paxcttings,  in*the  ruins  'rf£  Hl^inens^,  ffindnmAieB  iSie  pvobabSity  ^  Ihe 
'assumption.  It  is  by  no  means  imlilk^  ^uet  the  secret  Sngered  irn  some  Ai&Bl&c 
recess,  and  -was  learned  by  13»  Arabs  lyefbre  their  mv!p^mi  into  £uTope. 

Fanefain. — Of  ^is  material  two  -distbkOt  IsSnds  tace  reeognised—^aiA  «sd  titft 
poreelain.  To  the  former  belong -flie  wtite  ceramic  produc<aoBS  of  OiKBa,'and  fagmi, 
IDresden,  and  New  S&yres ;  to  -the  Itftter  the  wares  «f  ^Id  f^wes,  M&tSA,  ^kAaem, 
Bow,  and  some  other  localities.  The  disfintJtion,  howeirer,  is  more  wrtjJtoaryiiMia  «s 
commonly  imaged. 

We  haye  already  seen  that  m  proportion  fts  «Ixea,  aficelieB,  and  'OiSt^gomnu  adHLs 
cuter  into  the  composition  of  pottery,  so  ^  it  rendored  more  fusIMe  and  *were  soft. 
Theoretically,  therefore,  ihe  limits  between  bttBd  and'soiffc  ptfoe^indheuldiLtffc  be  mM 
defined.  Practice  confirms  theory  in  fins  lei^eot.  The  white  -oeiwnie  wares -ctf^CSttBa 
and  Japan  haye  been  considered  ^e  type  of  true  -or  hard  'porednm.  M"eiyerfh<dww, 
M.  Ebelmen  and  others  have  satisfactorily  demonstrated  that  it  is  loss  Iwid  fern  the 
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pr»dueti«ai8  of  £«vree  «t  the  praMotctiiDe;  in  pokit  ef  f«i3t,  tbe  OhiaoM  «dd  i^ofltiuBS 
of  pdttt^  to  tiiear  ttUeatod  |Mite,  wiuck  JkusoyMwi  mtaatufaeibttren  ^  parMlaui^flfest. 
Xke  sort  af  pofcMik  «ii^p]0]reid  &r  this  paqpooe  jummffA  ike  QnneBa  is  fern  aahei.  The 
Bttteriala.  leafik^ed  kjr  d«  GluBfiid  in  .tlieir  poxoelaan  JMSu&otore  idbzifililf  eon&na 
with  e}i«iiucal  te^uM&BMsaiM*  33a»  ^feuwnong  st«^  «s  ^uaiiked  kytdecomposod  Jekipor, 
«ad  iB  MUed  by  tJie  Bati.ve8ira»lM  •  tbe  mUoomib  wiiflml  is  fauMra  bf  iketitmapeimue, 
Tba  DbmAoi,  «r  cttiia:  Meitaea  jxweeleuuiL,  i«  maaiifactenad  £:on.«  bed-of  dbtjBateaiUy 

JkflP^rmimin. — B€iloEiettilie^ctoawal.ecaBtiinii0A^  kwd  WKsiaitti  ^oiailnawits 
iiaiiecitetDd,  sad  Ifae  iBStowiab  fer  SMkkg  it  ui  £ns«ike  jsnAewd  turailaUe,  vacisiis 
flctitieitt iMMlbai  fta^ite  fltMO.  XiMj  diffwdd  ia  tfacnr  «ooastitotiaBi  in  diffiwwnt «uui- 
£Bct»rio6;  i>ut  &ejr  all  #tnngistod  of  wMte  «olaj^  jpised  vitk  wteniftto  kftiang  the 
jprqi^eBtf  «f  r«idf  ^naSiiiity,  suck  as  pe^ttoeit  ^ss,  ^mwk,  loxideof  laad,  te-  By 
thin  #4wiidaire  %a  natuml  teiiftsity  iif  dftj,  iamiksm%  it  w  Tsliiakfe  to  ^  potber, 
fWflkKwiggt.te  i»e  ici8d%  toimad  v^et^a  ti»e  viioel  sail  sjOHldod  isto  Ratios,  vom  loot. 
Othor  odwrflPtirirHHt  /«ixtiasfo  Wiew  road^sed  secesatiy,  sudi  sb  aim,  soap,  4»i.,  to 
inpart  tlie  neoeeowy  tonadty.  JECotwiiiksto&diiig  aU  iiiio  prafioration,  n^eaaek  of  isoft 
pwoelain  MUldaxot ;be  com^eiy  fixuahed  wet;  tkey  had  to  be  tKoassA  diy,  joad  tins 
was  an  operation  yery  detrimental  to  the  workmens'  health.  This  manutetofis  kos 
aMT^iaappeaved. 

^FaiiemtR  ar  £srthmmarg,^-^!Qi»  torm  petc^flia,  or  -ckiaHEwace,  is  tunaily  aaalneked  to 
the  utatcBud  wiuoh  is  seasdHbraosporei^  and  kveabs  wIUil  a.  feomdioidol  Jcttchme.  iBoth 
laid  and  maSk  fi9ocekttn«  jtkasgk  'diffisMttt  as  to  ohenuMl  ^eonqmi^GB^.'a^pBBe  ta  ibis 
fespect;  but  omr  fita^rdskise  wmd^  yf\a^  is  imiTaenaliy  admitted  to  be  the  fiaest 
diesear^on  of  eartfMi»i!8»e,  is  opaque^  »id  iko  eaaMboidol^barauter  of  frasftme  is  in  it 
wantii^.  Tke  'Ckief  peoukkaniiy  ^  this  ]nateiiid«ofaaiate  ia  kanreig  a  poidaanxtf  beoa- 
earth  isioiaAteV  wised  mtk  ike  ailieeous  and  akimiBoaB  Tnatfliifth,  jpaapedy  oenita- 
tuting^  a  'CetaaoiG  natarial.  Xke  poeseooe  et  tkis  beaM^antiii  adda  to  tke^^^Mdiiy  of 
whiteness,  and  produces  the  due  aiaoiuU;  <of  jenai-fitsibi^ty.  Sto£6ndsfaiiie  iware  is  a^t 
eqaal  ia  beattty  to  poreelaaA,  eiiker  bacd  or  eolt,  ^t  it  is  leas  fij^eudre  tkaa  cither) 
and  ooiahinos  ia  an  eviiaeat  degsee  tke  qualities  of  beaaty 4md  utility;  .servioes  Af  it 
are  tbaflm&K^  bettor  tkon  4ua9r  «tker  «eniBiic  aiatter,  adapted  to  oar  oidinaiy  wants, 
and -aw  natiw  mwMifootagm?s  aee  witk  fside  their  prodtajtisefl  dispacsed  erar  every 
port  ef  the  kaowa  world.  The  Afriean  nagoo  pxiaoes  ebteia  fing^ttk  waah-^bauns  at 
aa  iiaHMfflflft  luot  aad  jsak,  by  ^amvaa  tn^FeUiag  over  the  Sahara,  to  be  vtaad  as  ooup- 
basktti;  aad  ithe  lakftbitonto  af  Fsanee  aad  Gflmaay^ihe  veiy  eradlee  of  tba  .^oopean 
posaelain  maaa6tf}tiae--4ie7ar  tbiak  tineir  e^oasda  poaperly  fomiafaed  laodil  ft.aenrtee 
of  Staffi»dBkit»  ware  is  aeaa^ii  its  abeb^es. 

Mtonmare^-^Tb^  aaaterial  Jiaa  abm,  iiise  the  pveoedii^  beoa  brongbt  by  <tts  ito-a 
greater  degree  of  ezcellence  than  elsewfaere*  The  aa-^cttUad  Wadgyeiroad  w»Be  ia  af 
this  kind,  and  is  the  best  of  ite  daas. 

Pmrum  Wim. — This  exeeediagl^  beautifiol  material,  aiVf^  enqtlofod  at^poeseBt  in 
the  maaaliGtere  U  atateettos,  iraaea,  aad  breakfaB<r4erfaaea»  as  a  •aanaBiic  aiatorial, 
rendeawd  veiy  ^siUs  by  adauxtare  of  bonPL 

6'A»«p|^.~Mo8t  kiads  of  pattory  are  now  glaaed,  and  tke  ^aaaa^  BMtoaial  as  aidiyeot 
to  "variation.  The  chemical  principles  required  to  be  tflkftn  jt^gmBfaam  irf  iw  ibf  npfrn- 
tioa  of  glawag  is  to  produce  a  glase  with  a  degree  of  £mrifaflity  OMatwawnato  with 
that  of  the  body  on  which  it  is  laid,  and  wkiel^  a£fcer  oooling,  fAudl  kaaie  *a  poepar- 
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tionate  expansiye  and  contractile  rate.  We  yery  often  see  the  glaze  on  articles  of 
crockery  ware  cracked  and  disintegrating,— results  which  flow  from  a  yiolation  of  the 
principles  indicated.  Hard  porcelain  being  the  most  infusible  variety  of  ceramic  ware, 
the  glaze  adapted  for  it  should  haye  the  same  quality.  Powdered  felspar,  a  natiye 
silicate  of  alumina,  and  potash,  is  that  which  answers  the  purpose  better  than  any 
other.  Soft  porcelainj  and  English  Staffordshire  ware,  however,  will  not  stand  the 
necessary  degree  of  heat  to  cause  the  glaze  to  fuse,  hence  its  fusibility  is  augmented 
by  the  addition  of  borax  and  oxide  of  lead.  In  proportion  as  the  two  latter  materials 
predominate,  so  does  the  glaze  increase  in  fusibility,  and,  what  is  very  disadvantageous, 
in  aoluNlity:  The  lead  glaze  of  common  earthenware  is  easily  removed  by  the  action 
of  both  acids  and  alkalies,  and  thus  becomes  a  source  of  insidious  lead  poisoning. 

The  Lambeth  stone  ware,  and^some  other  kinds  are  glazed  by  a  thin,  but  hard  and 
totally  unobjectionable  varnish  of  silicate  of  soda.  Technically  this  is  known  by 
the  appellation  of  "  salt  glaze"  from  the  method  of  imparting  it,  which  is  as  follows : — 
whilst  the  stoneware  is  yet  glowing  in  the  furnace,  a  door  is  opened^  and  common  salt 
(chloride  of  sodium)  is  thrown  in.  Silicic  acid,  at  elevated  temperatures  decomposes 
chloride  of  sodium,  chlorine  being  evolved,  and  silicate  of  soda  formed.  This  result  is 
attributable  to  the  fixed  nature  of  silicic  acid  at  high  temperatures,  and  the  volatility 
of  chlorine. 

Coloured  Ornamentation  of  Ceramic  ware, — The  pigments  employed  in  this  operation 
are  necessarily  mineral.  Preparations  of  cobalt  famiah  us  with  blue,  copper  with 
greens  and  blacks,  manganese  with  black,  cobalt  with  pink,  iron  with  black  and  red, 
whilst  gold  and  platinum— rarely  silver— are  employed  to  impart  their  several  metallic 
lustres.  The  principles  involved  in  ceramic  ornamentation  by  pigments,  are  of  two 
kinds,  either  the  pigment  is  incorporated  with  the  original  material,  or  it  ia  laid  on  by 
a  process  similar  to  that  of  enamelling.  In  the  production  of  porcelain  in  China  and 
Japan,  enamel,  or  muffle  colours,  as  the  French  term  them,  are  scarcely  employed ;  but 
European  manufacturers,  aiming  as  they- do  at  a  higher  style  of  artistic  effect,  rely 
upon  the  muffle  for  all  their  delicate  gradations  of  colour. 

Glass. — This  material,  considered  in  a  technological  sense,  may  be  described  as  an 
alkaline  silicate,  or  a  mixture  of  alkaline  with  earthy  silicates,  and  in  some  cases 
calcigeno-metallic-silicates,  fused  to  the  condition  of  pastiness,  and  allowed  to  consolidate. 
Glass  therefore,  chemically  considered,  bears  a  near  relation  to  ceramic  ware,  especially 
the  variety  known  as  eofi  porcelain.  The  kinds  of  glass  employed  in  the  arts  and 
manufactures  are  very  numerous ;  they  admit,  however,  of  division  into  the  three  kinds 
of  colourless  glass  without  lead ;  colourless  glass  with  lead  (termed  by  us  flint-glass,  but 
crystaLby  the  French),  and  lastiy,  the  various  varieties  of  coloured  glass.  As  glass  of 
these  thi«e  divisions,  and  all  their  several  varieties,  is  composed  of  an  aUcaline-silicate, 
or  silicates,  as  a  basis,  it  will  be  necessary  to  commence  our  description  of  glass  by  the 
consideration  of  this  class  of  chemical  bodies. 

Silicates  of  Alkalies. — Silicic  acid,  or  silica,  readily  combines  with  alkalies  when 
fused  with  them,  or  with  their  carbonates;  in  the  latter  case  carbonic  acid  being 
evolved.  Apparently  the  combination  takes  place  in  all  proportions ;  but  this  seeming 
infringement  of  the  laws  of  definite  combination,  may  be  explained  by  assuming  that 
a  limited  number  of  chemical  silicates  results,  but  give  rise  to  the  idea  of  illimitability 
by  admixture  with  each  other. 

Whatever  be  the  ratio  in  which  silicic  acid  stands  to  the  alkali,  the  fiised  results 
agree  in  certain  general  qualities.    They  are  all  transparent,  more  or  less ;  they  all. 
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when  heated,  sufficiently  assume  the  condition  of  pastiness  before  that  of  perfect 
liquidity ;  they  all  break  with  a  conchoidal  fracture.  They  differ,  however,  so  greatly 
in  their  relative  degree  of  solubility  in  water  and  acids,  that  whilst  the  ordinary 
variety  of  glass  employed  seems  to  be  absolutely  insoluble  in  these  agents,  other  kinds 
of  glass  may  be  prepared  so  exceedingly  soluble  in  water  that  they  may  be  employed 
as  a  substitute  for  starch  in  imparting  stiffness  to  linen,  on  which  it  confers  the  quality 
of  incombustibility,  under  all  ordinary  circumstances  to  which  dresses  are  likely  to  be 


Soluble  glass  of  this  kind  may  be  prepared  by  carefully  incorporating  one  part  of 
silicic  acid  (powdered  silver-sand  answers  perfectly  well)  with  not  less  than  three  or 
four  parts  of  carbonate  of  potash  or  soda,  and  exposing  the  whole  to  a  strong  red  heat 
until  the  mixture  has  perfectly  fused  and  carbonic  acid  has  ceased  to  escape.  Grlass  of 
this  kind  is  perfectly  soluble  in  water ;  but  on  adding  a  sufficient  quantity  of  almost 
any  acid,  the  silicic  acid  is  precipitated  in  a  gelatinous  condition.  The  generation  of 
varieties  of  this  soluble  glass  is  of  frequent  occurrence  in  the  laboratory  of  research, 
constituting,  as  it  does,  the  first  step  in  many  kinds  of  mineral  analysis. 

In  proportion  as  the  amount  of  alkali  is  made  to  decrease,  so  does  the  resulting 
glass  assume  the  condition  of  greater  insolubility ;  it  would  be  incorrect,  however,  to 
say  that  any  glass  is  absolutely  insoluble  in  water.  Powdered  g^ass  is  dissolved  to 
some  extent  in  water  of  ordinary  temperature,  and  glass  in  masses  can  be  dissolved  by 
exposing  it  to  the  prolonged  action  of  water  heated  under  pressure,  as  in  the  boiler  of  a 
high  pressure  steam-engine  for  example. 

The  most  valuable  quality  of  silicates  of  alkalies  considered  as  glass-making  mate- 
rials has  already  been  adverted  to ;  they  all,  before  entering  into  perfect  fusion,  assume 
the  condition  of  intermediate  pastiness  so  favourable,  to  the  requisitions  of  the  glass- 
blower.^  This  quality  they  preserve  moreover  when  fused  with  other  silicates,  either 
of  the  terrigenous  or  the  calcigenous  class.  Considered  with  reference  to  the  kind  of 
alkali  employed,  glass  admits  of  division  into  soda  glass  and  potash  glass.  The  former 
is,  perhaps,  more  generally  eligible  for  all  common  purposes,  though  potash  glass  is 
less  subject  to  crack  on  exposure  to  mutations  of  heat  and  cold,  and  therefore  best 
adi^ted  for  chemical  purposes.    Bohemian  glass  is  of  this  kind. 

As  regards  the  various  manipulative  processes  for  fashioning  glass  into  shape,  a 
manual  of  this  kind  can  take  no  extended  cognizance  of  them.  They  will  be  discussed 
in  the  treatise  on  chemistry  applied  to  the  arts  and  manufactures.  It  must  suffice  to 
indicate  that  flat  glass  is  produced  either  by  one  of  two  varieties  of  glass-blowing,  or  by 
casting  on  a  higUy  poUshed  bed  and  subsequently  grinding  its  surfaces  even. 

Common  window  glass  is  produced  by  the  two  first  operations,  whilst  plate  glass, 
employed  for  the  better  sorts  of  mirrors  and  for  the  glazing  of  high-priced  windows,  is 
produced  by  the  last.  Glass  vessels  are  either  produced  by  the  operations  of  blowing 
and  modelling,  or  blowing  and  moulding,  the  more  expensive  kinds  of  vessels  being 
formed  by  the  subsequent  operation  of  cutting  on  a  wheel. 

Practically  glass  is  never  made  for  technological  purposes  with  an  alkali  and  silica 
alone ;  certain  other  silicates  being  invariably  present.  The  silicates  of  lime,  magnesia, 
and  alumina,  mixed  or  severally,  diminish  the  fusibility  of  glass  without  adding  to  its 
colour ;  but  silicates  of  the  calcigenous  metals,  those  of  lead  and  a  few  others  excepted, 
all  have  the  property  of  imparting  colour  to  glass,  and  are  to  this  end  employed. 
Oxide  of  load  being  mixed  with  the  materials  of  ordinary  white  glass  increases  their 
fusibility  and  adds  to  the  luminous  refrangibility,  and  accordingly  to  the  lustre  of  the 
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resulting  materials — Whence  tlie  appellation  ci-ystal,  as  applied  to  glass  of  this  kind  by 
the  French,  is  intelligible  enough,  whereas  our  expression,  flint  glass,  as  applied  to 
the  same,  is  altogether  unmeaning.  Good  English  flint  glass,  according  to  Faraday,, 
is  composed  as  follows  :— 

SiHca 51-93 

Potash 13-77 

Oxide  of  lead        ....        33-28 

98-98 

Coloured  6^A»«ds.— Various  processes  are  adopted  for  producing  this  beautiful 
material,  such  as  those  of  staining  ^lamelling  or  painting,  and  their  yarious  combina- 
tions. By  stained  glass  is  understood  the  material  coloured  throughout  by  the  incor- 
poration  of  a  coloured  substance,  necessarily  metallic,  with  white  glass.  Glass 
enameUing,  or  paintiog,  inyolTCs  tiie  laying  on  of  colours  with  a  brush,  and  subse- 
quently exposing  the  |^ass  thus  treated  to  the  heat  of  an  enamelling  furnace. 

Red  colours  are  imparted  to  glass  by  means  of  preparations  of  <x>pper  and  of  gold. 
Gobalt  yields  blues ;  manganese  oxide,  amethyst ;  preparations  of  arsenic  and  tin, 
dead  white ;  Iflack  oxide  of  coj^r  yields  greens,  aad  iron  compounds  g^^eens  or  browns. 
MetalUc  gold  and  platinum  are  sometimes  employed  to  impart  to  glass  their  oharac- 
t^istic  lustres. 

Caleipenoua  Metals, — Hitherto  our  attention  has  been  doToted  to  metid^,  the  oxides 
of  which  are  alkalies  er  earths;  we  now  enter  upon  the  consideration  of  metals,  the 
oxides  of  which  were  termed  by  ancient  chemists  ctdeea,  and  which  are,  theref^e^ 
known  as  the  eaieigenom  metdle, 

MANGANESE. 

Equiralent  or  atomic  weight 27*6 

Specific  gravity about    8 

Preparation. — Although  manganese  ores  are  common,  the  metal  itself  is  merely 
produced  in  small  quantities  as  a  chemical  curiosity,  by  subjecting  a  mixture  of  oxide 
of  manganese  and  carbonaceous  matter  to  a  very  high  temperature  in  a  closed  crucible. 
Protoxide  of  manganese  is  first  generated  by  calcining  carbonate  of  manganese  in  a 
crucible.  The  resulting  protoxide  is  then  incorporated  with  one-tenth  its  weight  of 
charcoal  powder,  and  a  little  fused  borax.  This  mixture  is  rammed  into  a  crucible 
lined  with  charcoal,  covered,  and  exposed  to  the  highest  heat  of  a  smith's  forge.  The 
result  is  not  pure  manganese,  but  a  carburet  of  that  metal,  standing,  therefore,  in  the 
same  relation  to  manganese,  that  cast  does  to  wrought  iron.  Its  purification  may  be 
eflected  by  mixing  it  with  carbonate  of  manganese,  and  heating  it  a  second  time  in  » 
well-covered  porcelain  crucible,  enclosed  within  a  Hessian  or  Cornish  crucible. 

Properties. — Something  like  iron  in  general  appearance,  but  more  brittle,  ami 
somewhat  more  difficult  to  fuse.  Manganese  rapidly  tarnishes  by  exposure  to  air, 
crumbling  down  to  oxide.  It  decomposes  boiling  water  with  rapidity,  hydrogen  being 
evolved ;  and  can  only  be  preserved  for  long  periods  by  immersion  in  naphtha,  like 
potassium  and  sodium,  or  by  retaining  it  in  an  atmosphere  of  hydrogen  or  nitrogen 
gas. 

Oxides  of  manganese. — Of  these  there  are  five  primary  and  two  secondary,  the  latter 
resulting  from  the  combination  of  primary  compounds  with  each  other. 
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Protoxide  of  Manganese — (MnO). 

Frtpmratum. — ^EiUier  -by  deoxidising,  hy  means  of  hydrogen,  the  peroxide  ^of  saaji- 
ganeae,  or  by  ealeining  carbonate  of  magnesia  without  simultaneous  atmo^eric 
eontact.  This  latter  process  may  be  effected,  as  described  at  page  484,  by  heating  car- 
bonate of  maii^nese  in  a  covered  crucible,  when  the  resulting  protoxide  is  only 
slightly  alterable  by  exposure  to  the  air ;  or  carbonate -of  manganese  may  be  xeduhed 
in  a  tube  of  the  following  description  ^^ 

A  is  a  glass  bulb  holding 
carbonate  of  manganese,  a  is 
a  tube  containing  fragments 
of  dried  chloride  of  calcium, 
and  B  ifi  a  generating  a^^a- 
ratus  for  liberating  hydrogen 
gas.  The  latter  of  course 
passes  dry  ay«r  the  carbonate 
of  manganese  in  the  bulb  A, 
and  displaces  the  air  formerly 
there  existing.     So  soon  as 

this  displacement  has  been  totally  effected,  the  flame  of  a  spirit-lamp  is  applied  ito  the 
glass  bulb,  carbonic  acid  gas  is  eYolved  from  the  carbonate  of  manganese  within,  and 
protoxide  of  manganese  remains.  Finally,  each  tubular  ox;tremity  of  the  bulb  beiDg 
sealed,  the  oxide  of  manganese  may  be  pres^yed  for  an  indefinite  period. 

Protoxide  of  manganese  readily  combines  with  acids,  generating  protosalts,  from 
solutions  of  which  a  white  hydrate  of  ^e  protoxide  %b  thrown  down  by  caustic  potash 
and  soda. 

Sesquioxide  of  Manganese — (Mn^Os). 

Preparation.-'By  exposing  peroxide  of  numganese  to  red  heat  (as  in  the  preparation 
of  oxygen)  until  no  more  gas  is  expelled,  and  treating  the  fixed  result  by  an  acid, 
sesquioxide  of  manganese  is  left    It  also  occurs  native,  both  hydratedand  anhydrous. 

Properties, — In  physical  appearance  it  somewhat  resembles  the  black  or  peroxide 
of  manganese,  next  to  be  described,  but  is  more  tawny  red,  or  brown. 

Minoxide  or  Peroxide  of  Manganese,  MnO,. — This  is  more  common  than  ai^  of  the 
other  oxides  of  manganese,  being  found  Jiatiye  in  considerable  <]tuantities,  and  suf- 
ficiently pure  for  employment  in  many  industidal  arts.  The  chief  purpose  for  which 
peroxide  of  manganese  is  used  is  for  the  preparation  of  chlorine,  as  described  when 
treating  of  that  simple  body.  Peroxide  of  manganese  combines  with  water  to  form  a 
hydrate  of  definite  composition.  It  may  be  generated  either  by  transmitting  chlorine 
through  carbonate  of  manganese  held  .suspended  in  water,  or  by  pousing  hot  water  on 
the  manganate  of  potash. 

Manganic  Acid,  MnO,  and  Permanganie  Acid,  Mn^O,«-— Both  these  compounds  may 
be  generated  by  heating  together  a  mixture  of  caustic  potash  with  peroxide  of  man- 
ganese in  the  presence  of  oxidising  bodies,  such  as  chlorate  or  nitrate  of  potash.  The 
residue  of  this  operation  when  treated  by  water,  and  the  liquid  evaporated  in  vacuo, 
yields  crystals  of  mangUKftte  of  potash.  If  these  crystals  be  treated  with  hot  water, 
they  ore  decomposed  into  hydrated  peroxide  of  manganese,  whioh  precipitates,  and 
solution  of  permanganate  of  potash,  which  is  piurple,  r^nains.    The  crystals  of  man- 
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ganate  of  potash  employed  for  this  operation  should  not  contain  an  excess  of  potash, 
otherwise  the  formation  of  permanganate  does  not  satisfactorily  take  place.  Per- 
manganate of  potash  may  also  be  prepared  directly  by  the  following  process: — 
Peroxide  of  manganese  and  chlorate  of  potash  are  mixed  in  equal  proportions ;  one 
part  of  hydrate  of  potash  dissolved  in  the  smallest  available  quantity  of  water  is  then 
added,  the  whole  evaporated  to  dryness,  and  heated  short  of  redness.  Hot  water  being 
now  poured  upon  the  mass,  permanganate  of  potash  is  dissolved  out,  and  may  be 
readily  crystallized,  whilst  the  insoluble  oxide  is  separated  by  decantation,  not  by 
filtration,  because  both  this  and  the  preceding  compound  are  decomposed  by  contact 
with  organic  bodies.  Manganic  acid  has  never  yet  been  obtained  in  the  state  of 
isolation,  but  an  aqueous  solution  of  permanganic  acid  may  be  generated  by  the 
accurate  decomposition  of  permanganate  of  baryta  by  means  of  sulphuric  acid. 

Red  Oxide  of  Manganese  Mn304,  and  Varvicite  Mn407,  are  not  separate  oxides  of 
manganese,  but  combinations  of  two  oxides  in  the  manner  of  acid  and  base.  Eed- 
oxide  is  regarded  as  a  compound  of  MnO  +  Mn,0,.  It  constitutes  a  native  ore  of 
manganese,  and  may  be  artificially  generated  by  heating  the  protoxide  or  sesquioxide 
to  whiteness,  or  by  heating  the  carbonate  of  manganese  to  redness,  in  an  uncovered 
vessel.  It  does  not  form  salts,  and  when  fused  with  borax  or  white  glass,  imparts  an 
amethyst  colour. 

Varvicite,  Mn^O,  +  2Mn02.— So  called  becaase  of  the  locality,  Warmckahire,  in 
which  it  was  discovered  and  is  principally  found.  In  appearance  it  resembles  the 
peroxide,  than  which  it  is  more  black ;  and  it  also  contains  water,  being  a  hydrate. 

Salts  of  Manganese. — The  only  oxygen  compoimds  of  manganese  which  act  as 
bases  to  acids  are  the  protoxide  and  the  sesquioxide.  The  former  yields  a  large  number 
of  well  characterized  stable  salts ;  the  latter,  on  the  contrary,  is  a  very  feeble  base,  and 
its  salts  are  all  unstable.  Respecting  the  characteristics  of  the  manganates,  and  per- 
manganates— salts  in  which  the  manganese  compound  performs  the  function  of  acidity 
— a  few  remarks  have  already  been  offered. 

In  almost  every  case  of  analysis,  involving  the  solution  and  subsequent  isolation  of 
manganese,  this  metal  will  be  found  in  the  state  of  proto-combination,— either  as  an 
oxygen  salt  of  the  protoxide,  or  as  a  protohaloid  salt ;  hence,  to  these  the  learner 
should  direct  his  especial  attention. 

The  first  point  to  be  especially  remembered  in  connection  with  solutions  of  proto- 
salts  of  manganese,  and,  indeed,  the  metal  in  any  state  of  solution,  is,  that  no  preci- 
pitate or  change  of  colour  is  yielded  by  hydrosulphuric  acid.  Now,  manganese  being 
a  calcigenous  metal,  this  absence  of  precipitate  or  change  of  colour  is  remarkable ; 
only  five  calcigenous  metals, — ^manganese,  iron,  uranium,  cobalt,  and  nickel, — ^being 
thus  circumstanced. 

The  second  point  to  be  remembered  in  connection  with  the  chemical  peculiarities 
of  manganese  is,  that  hydrosulphate  of  ammonia  (sulphide  of  ammonium),  yields  a 
precipitate  with  the  solutions  above  indicated,  and  the  precipitate  is  of  a  light  flesh 
colour.  TMs,  again,  is  a  peculiarity ;  black  being  the  usual  tint  produced  by  hydro- 
sulphurio  acid,  or  hydrosulphate  of  ammonia  in  metallic  solutions. 

Caustic  potash  or  soda  yield,  with  the  solutions  of  manganese  salts  above  specified, 
a  white  precipitate,  rapidly  changing  to  brown. 

Soluble  carbonates,  especially  those  of  the  fixed  alkalies  and  of  ammonia,  throw 
down  a  whitish  carbonate  of  manganese,  not  liable  to  much  change  by  exposure  to  the 
air,  and  from  which  other  protosalts  of  manganese  may  be  readily  generated.    Ferro- 
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cyanide  of  potassium  also  yields  ft  white  precipitate ;  and  chlorine, — or  materials 
which  readily  eyolye  chlorine,  such  as  commercial  chloride  of  soda,  or  of  lime, — throw 
down  the  red  oxide  of  manganese,  by  reason  of  their  oxidising  agency.  In  point  of 
fact,  a  solution  of  chlorine,  or  of  chloride  of  soda  or  lime,  is  one  of  the  most  delicate 
tests  we  possess  for  indicating  and  separating  manganese.  Manganese,  when  present, 
in  whateyer  yariety  of  combination,  may  be  readily  indicated  by  the  blowpipe.  When 
fused  with  borax  in  the  external  or  oxidising  flame,  it  yields  a  purple  bead^  which 
becomes  colourless  when  remoyed  to  the  internal  flame. 


Equiyalent  or  atomic  weight 
Specific  grayity  about 
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OenertU  Remarks,— ^\min.OB>t  important  metal,  though  widely  disseminated  through- 
out the  inorganic  kingdom,  and  forming  no  inconsiderable  constituent  of  animals,  is 
seldom  obtained  pure.  Fortunately,  none  of  its  yarious  applications  inyolye  the 
necessity  of  haying  it  quite  pure,  otherwise  materials  of  iron,  instead  of  being  amongst 
the  cheapest,  would  be  amongst  the  most  costly  in  existence. 

Preparation. — Three  processes  may  be  indicated  for  yielding  iron  chemically  pure. 
They  are  as  follow : — 

(1).  Haying  tied  some  small  iron  wire  in  a  bimdle,  place  the  latter  in  a  porcelain 
tube,  heat  it  to  redness,  and  pass  through  a  current  of  aqueous  yapour.  By  this 
means  the  iron  wire  is  coyered  with  rust,  which  is  the  object  designed.  Next,  cut 
this  iron  into  short  pieces,  mix  them  with  a  little  powdered  glass,  pack  the  mixture  in 
a  small  porcelain  crucible,  bed  the  latter  in  another  crucible  of  Hessian  ware,  and 
expose  the  whole  to  the  strongest  heat  of  a  wind  furnace.  By  this  treatment,  oxygen 
from  the  iron  rust  unites  with  the  carbon  and  other  impurities  of  the  non-oxydised 
portion  of  the  wire,  leaying  the  remaining  portion  of  iron  pure.  It  aggregates,  if  the 
furnace-heat  be  sufficiently  high,  into  one  mass. 

(2).  Pure  iron  may  also  be  obtained  by  transmitting  hydrogen  through  oxide  of 
iron  contained  in  a  tube  and  heated.  The  heat  generated  by  a  spirit  lamp  flame  is 
amply  sufficient  for  deyeloping  the  result,  and  the  little  apparatus  depicted  at  page  435 
may  be  here  employed.  Iron,  howeyer,  prepared  at  this  low  temperature,  is  pyro- 
phone :  it  bums  immediately  on  coming  in  contact  with  air,  and  hence  can  only  be 
preserred  by  hermetioally  sealing  it  in  the  tube  employed  for  its  preparation.  If^ 
instead  of  a  glass  tube,  one  of  porcelain  be  employed,  and  the  current  of  hydrogen 
transmitted  at  a  furnace-heat,  the  resulting  iron  becomes  more  dense,  loses  its  pyro- 
phorio  quality,  and  may  be  exposed  to  dry  atmospheric  air  without  change. 

(3).  The  third  method  of  obtaining  pure  iron,  consists  in  substituting  protochloride 
of  iron  for  oxide  of  the  metal.  In  this  case  iron  is  obtained,  not  in  the  condition  of 
powder,  but  as  a  mirror-like  scale. 

VarieUea  of  Oommoreial  Iron. — ^The  principal  yarieties  of  commercial  iron  are  three 
— cast  iron,  wrought  iron,  and  steel.  Of  each  of  these  there  are  numerous  sub-yarie- 
ties,  but  they  cannot  be  minutely  detailed  here. 

Cast  iron  is  a  yery  heterogeneous  compound,  though  it  is  generally  regarded  as  a 
mere  union  of  carbon  with  iron,  the  carbon  being  in  greater  quantity  than  necessary 
to  form  steeL  Besides  carbon,  cast  iron  contains  silicon-^probably  aluminium,  sulphur, 
and  occasionally  phosphorus.     By  the  presence  of  carbon  and  other  adventitious 
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bodies,  inm  becomes  more  fwlble  than  when  puie  ;s  hea€&  thje  piopiietj  of  the  term 
*' Ciut  iron.*' 

Bf  repeatedly  fdsmg  cast  iron,  and  voUing  and  hammering  the  glowing  masB,  the 
greater  portion  of  carbon  and  other  collateral  impurities  are  burned  or  otkerwiae 
remoyedy  leaving  the  iron  m  the  state  of  comparative  purity.  In  general  terms  we 
may  say  that  the  more  iron  has  been  fused,  bammeredy  ^awn  ont^  rolled  or  kneaded, 
the  purer  does  it  become :  hence,  iron  wire  is  composed  of  very  pine  iron,  and  the 
purity  of  old  horse-shoe  naiU  is  so  well  recognised  that  they  sell  at  a  comparatiTely 
high  price,  to  be  converted  into  gun  barrels. 

Steel. — This  material  is  considered  to  be  a  carburet  of  iron,  in  which  the  proportion 
of  carbon  is  less  than  the.  quantity  requisite  to  censtitute  cast  iron.  The  fine  Indian 
variety  of  steel  termed  wootz,  however,  contains  minute  portions  of  aluminium  as  well 
as  earbon,  and  it  is  doubtful  whether  any  variety  of  steel  be  a  mere  combination  of  iron 
with  carbon.  The  most  usual  plan  adopted  for  the  conversion  of  iron  into  steel  is  that 
of  cementation,  as  it  is  called.  Bars  of  wrought  iron  are  stratified  with  charcoal,  and 
exposed  for  a  considerable  period  to  a  high  furnace  temperature,  when  union  between 
iron  and  carbon  takes  place,  steel  being  the  result 

Iron  approaching  the  condition  of  purity,  such  as  wrought  iron  and  steel,  is  en- 
dowed with  the  valuable  quality  of  welding— that  is  to  say,  two  pieces  of  wrought  iron 
or  steel  being  taken  and  heated  to  whiteness  in  a  forge,  they  may  be  caused  to  adhere 
by  hammering.  In  this  respeet  iron,  amongst  alt  the  calcigenous  group  of  metals, 
furnishes  the  only  perfect  example.  Platinum  is  described  as  participating  in  the 
quality  of  welding,  but  its  capabilities  in  this  respect  are  very  slight.  The  kaKgenoua 
metals,  potassium  and  sodium,  it  may  be  remembered,  readily  admit  of  welding. 
Oxides  of  Iron. — ^Four  compounds  of  iron  with  oxygen  are  known  as  follows  :— 

Iron.  Oxygen. 

Protoxide 1  1 

^esquioxide  (peroxide)       ...        2  3 

Black  oxide 3  4 

Ferrieacid 1  3 

Protoxide. — FeO.  This  is  the  only  oxide  of  iron  having  the  properties  of  a  strong 
base,  and  yielding  well-defined  crystalline  salts. 

Preparation. — ^By  adding  caustic  potash,  aoda,  or  ammnnia,  to  any  aalt  of  the 
protoxide,  tiie  latter  is  precipitated  in  the  form  of  a  greenish-white  hydrate,  /md  whieh 
by  boding,  assumes  the  cc^oor  of  almost  perfect  blackness.  The  protoxide  of  iroft  ia 
exceedingly  difficult  to  retain  unchanged.  Exposed  to  the  air,  or  any  gas  oontaioing 
exygen,  it  soon  becomes  green,  then  red-brown,  the  latter  tint  being  indicative  of  the 
change  to  peroxide.  Most  of  the  common  salts  of  protoxide  of  iron  are  green  when 
pure,  but,  exposed  to  ozydising  influences,  they  become  covered  with  a  kyer  of  red 
material—peroxide  combined  with  the  original  acid.  All  protosalts  of  in»  are  readily 
converted  into  persalts  by  boiling  with  nitric,  or  with  nitrohydtoddoric  acid. 

Peroxide  of  Irony  FOsO^^.-^This  is  also  a  basic  substance^  b«t  not  powerfully  so.  In 
its  relations  it  resembles  alumina. 

Preparatioft.—yirhen  a  protosalt  of  ircm  is  boiled  with  nitrie  or  nitrohydroeUorio 
acid,  a  persalt  of  iron  results ;  from  the  solution  of  which  peroxide  of  iron  may  be 
xnrecipitated  by  ammonia.  It  also  occnrs  native  in  the  Island  of  Elba  and  elsewhere 
constituting  the  ore  known  as  specolar  iron.  Hydrate  of  the  peroxide  is  also  fbund 
native,  constituting  the  ores  known  as  hematites,  red  and  brown. 
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Properties. — Peroxide  of  iroa  has  a  full  blood-red  colour.  It  is  not  affected  by  any 
degree  of  heat,  except  carbon  or  other  deoxidising  agent  be  present ;  when  it  is  reduced 
to  the  condition  of  metallic  iron.    This  oxide  of  iron  is  not  magnetic. 

Jiiaekf  or  Magnetic  Oxide  of  Iron^  FcjO^. — This,  when  found  native,  constitutes  the 
loadstone,  so  called  from  its  magnetic  properties. 

Preparation, — The  black  scales^which  form  on  wrought  iron  when  heated  to  white- 
ness, as  in  the  operation  of  forging,  are  chiefty  composed  of  this  oxide..  It  may  also  be 
prepared  in  the  moist  way  by  effecting  a  mixed  solutionof  aproto  and  a  persalt  of  iron, 
precipitating  the  solution  by  an  alkali  and  boiling  the  hydrates  which  deposit.  A 
black  crystalline  compound  forms  and  precipitates  5  it  is  the  oxide  in  q^ucstion. 

Ferric  -4<?i*— (FeOg). 

Preparation. — Four  parts  of  nitre  and  one  part  of  peroxide  of  iron  are  to  be  inti- 
mately mixed  and  heafed  to  redness  in  a  covered  crucible.  The  contents,  being  allowed 
to  grow  cold,  then  dissolved  in  water  in  which  ice  is  melting,  and  consequently  the 
temperature  of  which  is  at  32°  F.,  a  solution  of  ferrate  of  potash  is  obtained.  This 
compound  is  remarkably  prone  to  decomposition,  oxygen  gas  being  evolved  and 
peroxide  of  iron  thrown  down.  The  change  takes  place  slowly  in  the  cold,  but  hot 
water  occasions  it  at  once.  Ferric  acid  yields  a  remarkable  and  very  permanent  com- 
pound with  baryta.  In  colour  it  is  a  deep  crimson,  and  may  be  used  advantageously 
as  a  pigment. 

Chlorides  of  Iron, — Of  these  two  are  known,  the  protochloride  and  the  sesqui  or 
perchloride. 

Protochloride  of  Iron — (Fe  CI). 

Preparation. — By  passing  a  stream  of  dry  hydrochloric  acid  gas  over  red-hot  iron 
contained  in  a  tube  of  porcelain,  or  by  dissolving  iron  in  hydrochloric  acid. 

Properties. — A  brown  fixed  material,  which,  when  obtained  in  the  dry  way,  fur- 
nishes crystals  on  cooling.  The  solution  of  iron  in  hydrochloric  acid,  when  evaporated, 
yields  green  crystals  of  the  hydrated  protochloride,  havi?;ig  the  composition  of 
FeCl  -f  6H0. 

Sesquichloride  of  Iron — (Fe.^Clg). 

Preparation. — ^By  passing  a  current  of  dry  chlorine  gas  over  iron  heated  to  redness, 
and  subliming  the  resulting  chloride  in  an  atmosphere  of  the  same  gas,  or  by  dissolving 
iron  in  nitrohydrochloric  acid. 

Properties. — An  iridescent  brown  or  greenish-brown  compound,  soluble  in  alcohol, 
ether,  and  water.  Its  solutions  are  deciMotposed  by  light,  sesquioacide  of  iron  being 
depoeited.  By  evaporating  the  solution  of  iron  in  nitrohydrochlorie  acid,  crystals 
of  the  hydrate  of  the  seaquiehloride  are  produced ;  they  dissolve  in  water,  alcohol, 
and  ether,  and  are  very  deliquescent.  If  aqueous  solution  of  sesquichlonde  of  iron  be 
evaporated  to  dimness  and  sharply  heated,  partial  decomposition  ensues,  peroxide  and 
hydrochloric  acid  being  simultaneously  formed.  The  portion  of  chloride  remaining 
undecomposed  sublimes  in  red  and  very  ddiqueseent  erystals. 

Iron  vrith  Sulphur. — ^Many  oompounds  of  iron  witili  sulphur  exist,  but  two  only 
have  been  well  studied ;  they  are  the  protosulplraret  and  the  biflulphuret. 

Protosulphuret  o//rw— (FeS). 
iV^Mirtf^'on.— By  heating  a  bar  of  iron  to  whiteness,  and  bringing  it  into  contact 
with  sulphur,  or  by  heating  a  mixture  of  2}  parts  of  sulphur  and  4  parts  of  iron  filings 
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in  a  red-hot  crucible.    ThiB  is  the  compound  employed  in  laboratories  for  generating 
hydrosulphuric  acid. 

BUulphuret  of  Jro»— (FeSJ . 

This  compound,  as  will  be  seen,  corresponds  to  no  known  iron  oxide ;  it  exists  in 
nature,  constituting  iron  pyrites,  and  may  be  formed  artificially  by  mixing  2  parts  of 
protosulphuret  of  iron  with  1  of  sulphur,  and  heating  the  mixture  in  a  crucible  imtil 
all  excess  of  sulphur  has  been  expelled.  When  heated,  the  bisulphuret  of  iron  evolyes 
a  portion  of  its  sulphur,  and  the  material  which  remains  is  composed  of  68  per  cent, 
only  of  sulphur,  in  combination  with  32  of  iron.  The  exact  atomic  composition  of 
this  compound  is  not  known. 

There  is  also  found  native  a  mineral  termed  magnetic  pfritet,  the  composition  of 
which  is  indicated  by  the  formula  Fe^Sg ;  it  is  probably  a  compound  of  5FeS  -J-  FejSs. 

Comhinatiom  of  Iron  with  Fhosphorus. — Phosphorus  unites  with  iron  in  many 
proportions.  The  phosphuret  best  known  is  that  generated  by  heating  in  a  crucible 
lined  with  charcoal,  a  mixture  of  phosphate  of  iron  and  charcoal  powder.  The  presence 
of  phosphorus  in  iron  is  very  detrimental,  imparting  to  it  the  quality  known  as  cold 
«Aor^,— that  is  to  say,  iron  thus  contaminated  is  very  brittle^  and  when  cold,  readily 
crumbles  under  the  stroke  of  the  hammer. 

Iron  with  Nitrogen,— A  compound  of  this  kind  is  known,  but  its  atomic  composition 
has  not  been  determined.  It  may  be  prepared  either  by  passing  dry  ammoniaeal  gas 
over  iron  wire  heated  to  redness  in  a  porcelain  tube,  or  exposing  anhydrous  proto- 
chloride  of  iron  contained  in  a  glass  tube  to  a  heated  current  of  dry  ammoniaeal  gas. 

Iron  with  Cyanogen, — Cyanogen,  throughout  the  whole  range  of  chemistry,  is  charac- 
terized by  the  number  and  the  complexity  of  its  compounds.  This  remark  especially 
applies  to  the  cyanurets,  or  cyanides,  of  iron,  of  which  there  are  several.  Under  the 
head  of  cyanogen  (page  391)  the  circumstance  was  mentioned,  that  although  a  compound 
it  acted  like  a  simple  body.  This  peculiarity  is  also  retained  by  the  compounds  of 
cyanogen  with  other  bodies ; — ^thus,  for  example,  cyanogen  imites  with  protoxide  of 
iron  to  form  cyanide  of  iron,  and  the  latter  unites  again  with  other  cyanides,  such  as 
potassium,  lead,  &c.,  constituting  double  cyanides.  Of  this  latter  class  of  bodies,  the 
most  important  not  only  as  regards  its  uses,  but  as  furnishing  a  key  to  the  comprehen- 
sion of  an  the  remaining  double  cyanides  is  the  double  cyanide  of  iron,  and  potassium, 
the  yellow  prussiate  of  potash,  as  it  is  commonly  designated. 

I*rotoeyanuret  of  Iron, 

Pr^Mratien.-^l),  By  adding  a  solution  of  cyanide  of  potassium  to  a  solution  of  any 
protosalt  of  iron.  Proto-cyanuret  of  iron,  as  thus  made,  retains  portions  of  cyanide  of 
iron  BO  obstinately,  that  it  can  scarcely  be  got  pure  by  this  process,  even  after  the  most 
assiduous  washing. 

(2).  By  digesting  Prussian  Blue  with  a  solution  of  hydro-sulphuric  acid. 

Properties, — ^A  white  compound,  rapidly  becoming  blue  when  exposed  to  the  air. 

We  have  already  seen  that  cyanogen,  though  a  eomponnd  body,  assimilates  itself  by 
chemical  relations  and  demeanour  to  chlorine,  iodine,  and  bromine.  Like  them  it  com- 
bines with  hydrogen  to  form  a  hydracid  (the  hydro-cyanic) ;  like  them  it  unites  with 
certain  metals,  forming  compounds  which  necessarily  must  be  regarded  as  cyanides 
and  not  hydro-cyanates,  seeing  that  they  contain  neither  oxygen  nor  hydrogen.  In 
fact,  all  the  remarks  relative  to  hydracids  generally,  and  their  salts,  apply  to  cyanogen, 
hydro-cyanic  acid,  and  their  combinationB.    But  this  is  not  all.    The  cyanurets  of  iron. 
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and  especially  the  proto-cyaniiret  just  described,  are  commonly  regarded  as  analogous  in 
function  with  cyanogen  itself ;  that  is  to  say,  compounds  performing  the  functions  of  a 
simple  body.  Hence,  has  arisen  the  term  "  ferro-cyanogen," — a  body  which,  by  com- 
bining with  hydrogen  generates  hydro-ferro-cyanic  acid,  whose  functions  are  like  those 
of  any  other  hydracid.  Perhaps  the  bearing  of  these  remarks  will  be  more  obyious 
if  we  take  a  special  case  for  exemplification.  That  case  may  be  the  salt  known  as 
prusnate  of  potash. 

Its  composition  is  as  follows : — 


1  equivalent  Iron 

2  equiyalents  Potassium 
2  equivalents  Cyanogen 


Y 


equivalent  Anhydrous  Prussiate  of 
Potash. 


Adopting  the  theory  of  its  being  a  mere  binary  compound  of  cyanide  of  iron  with 
cyanide  of  potassium,  its  composition  wiU  stand  thus — 


1  eq.  Iron 

1  eq.  Cyanogen 

2  eq.  Potassium  ) 
2  eq.  Cyanogen  ) 


}1  eq.  Cyanide  of 
Iron 


2< 


q.  Cyanide  of 
Potassium 


1  eq.  Anhydrous  Prussiate  of 
^  Potaah 


and  will  be  represented  by  the  symbol  FCfy  +  2  KCy. 

But  if  we  assume  the  existence  of  the  compound  radical  ferroeyanoffenj  then 
anhydrous  prussiate  of  potash  must  be  regarded  as  anhydrous  ferocyanide  of  potassium, 
and  its  constituents  will  be  grouped  as  follows : — 

3  ^;  C^Siogen  }  ^  ®^-  Ferrocyanogen  )   1  eq.  |e^^i^«  <>^ 


-  2  eq.  Potassium 


Hydrogen,  it  will  be  remembered,  possesses  many  of  the  relations  of  a  metal,  with 
which  it  frequently  changes  places,  atom  for  atom.  This  fact  being  remembered,  it 
will  not  seem  extraordinary  that  the  two  equivalents  of  potassium  in  the  preceding 
compound  should  be  capable  of  substitution  by  hydrogen,  as  in  the  following  scheme : — 

3  eq!  Cyanogen   }  ^  ®^-  Ferrocyanogen  1   1  eq.  Fem)cyanide  of 
2  eq.  Hydrogen )  Hydrogen 

Now,  as  the  chloride  of  hydrogen  is  termed  hydrochloric  acid,  the  bromide  of 
hydrogen  hydrobromic  acid,  &c.,  by  a  parity  of  usage  the  ferrocyanide  of  iron  should 
be  denominated  hydroferroeyanie  acid,  Ferrocyanide  of  hydrogen  and  hydroferroeyanie 
acid  are,  therefore,  synonymous  terms,  both  indicating  the  compound  in  which  two 
equivalents  of  hydrogen  have  taken  the  place  of  two  equivalents  of  some  other  simple 
body.  The  radical  of  hydroferrocyanic  acid,  instead  of  being  represented  symbolically 
by  the  initials  of  its  constituents,  is  indicated  by  the  symbol  Cfy ;  therefore  hydro- 
ferrocyanic acid  will  be  symbolically  designated  thus,  Cfy2H. 

Properly  speaking,  the  philosophy  of  cyanogen  bcdongs  to  the  department  of 
organic  chemistry,  where  it  will  be  treated  more  in  detail.  I  have  only  entered  upon 
its  description  here  to  the  extent  necessary  for  explaining  the  nature  of  its  com- 
binations with  iron. 
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Double  Cyanide  of  Inm  and  Potauium. — F&roeyanide  of  Potassium. — ^Tkis  salt  is  of 
great  importance,  both  in  the  laboratory  and  the  arts.  It  is  formed  commorcially  in 
large  qnantities,  and  moderately  pure. 

PreparaUon. — (1).  The  oldest  and  most  usual  method  of  generating  ferrocyanide  of 
potassium  (prussiate  of  potash)  is  as  follows : — Fragments  of  animal  matters,  such  as 
horns,  hair,  hoofs,  &c.,  are  first  calcined  in  close  vessels,  so  that  highly  nitrogcnized 
animal  charcoal  may  result.  The  latter  is  now  mixed  with  carbonate  of  potash,  and 
heated  in.  an  iron  vessel  by  a  reverberatory  flame.  The  materials  fuse  into  a  mass, 
which  is  stirred  from  time  to  time  with  an  iron  rod.  Cyanuret  of  iron  and  cyanuret 
of  potassium  are  formed ;  by  combination  they  generate  fenoeyanide  of  potassium, 
which  being  washed  out  by  water,  and  the  solution  evaporated,  yields  the  well-known 
crystals  of  prussiate  of  potash.  They  are  composed  of  one  equivalent  of  ferrocyanide 
of  potaaaium,  combined  with  three  equivalents  of  water,  and  consequently  are  repre- 
sented by  the  formula — 

FeCy  -t-  2KCy  -f  3H0. 

(2).  By  the  direct  union  of  carbon  and  nitrogen  in  contact  with  carbonate  of  potash. 
This  process  is  now  conducted  on  the  large  scale,  and  is  of  peculiar  interest.  The 
stages  of  the  operation  are  as  follow : — ^Wood  charcoal,  having  been  strongly  impreg- 
nated with  solution  of  carbonate  of  potash,  is  heated  in  brickwork,  and  exposed  to  the 
agency  of  a  mixture  of  carbonic  acid  and  nitrogen  gases,  formed  by  transmitting 
atmospheric  air  through  burning  coke.  This  operation  having  been  continued  for 
about  ten  hours,  the  charcoal  is  allowed  to  cool,  removed,  and  lixiviated  with  water. 
The  fluid  of  Uxiviation  is  next  boiled  in  an  iron  vessel,  with  finely-powdered  native 
peroxide  of  iron  (spathic  iron),  when  a  solution  of  prussiate  of  potash  is  obtained,  from 
which  the  salt  separates  by  evaporation. 

Crystallized  ferrocyanide  of  potassium  eanly  loses  its  three  equivalents  of  water  by 
a  gentle  heat.  If  the  temperature  be  raised  still  higher,  the  salt  decomposes,  with  the 
evolution  of  hydrogen.  On  lixiviating  the  fixed  residue,  cyanide  of  potassium  is 
washed  out,  and  a  black  carburet  of  iron  remains,  having  the  composition  of  Fe^C.^. 

Solution  of  prussiate  of  potash  is  a  valuable  test,  indicating  the  presence  of 
numerous  metals  by  distinctive  tints.  Thus,  with  the  kaligenous  and  terrigenous 
metals  genei*ally,  it  yields  no  colouration  or  precipitate ;  but  with  solutions  of  nearly 
all  the  calclgenous  metals,  in  almost  every  state  of  oombinati<m,  it  furnishes  either  a 
distinctive  tint,  or  a  precipitate,  or  both.  With  solations  of  copper,  titanium,  moly- 
denum,  and  uranium,  the  colour  furnished  is  brown ;  with  solutions  of  absolutely  pure 
protosalts  of  iron,  white ;  but  with  solutions  containing  even  the  slightest  amount  of 
a  persalt  of  iron,  blue.  '  Practically,  therefore,  it  yidds  a  blue  colour  with  aU  the 
solutions  of  iron  which  occur  in  the  ordinary  course  of  analysis.  With  the  generality 
of  calclgenous  metals  remaining,  prussiate  of  potash  yields  a  white  precipitate.  In  Umb 
greater  number  of  these  bodies,  the  potassium  of  the  ferrocyamde  of  potasrixmi  is  dts> 
placed  by  the  new  metal.  For  example,  ferrocyanide  of  copper  is  represented  by  the 
formula  2Cu  +  Cfy ;  the  ferrocyanide  of  lead  by  2Pb  -(-  CfV. 

By  acting  on  the  ferrocyanide  of  lead  by  hydrosulphmric  add,  deeompoatkni  ensoei ; 
sulphuret  of  lead  is  thrown  down,  and  hydro-ferrocyanic  acid  is  evolved.  Hydroferro- 
cyanic  add  yields  precipitates  with  metallic  solutions  precisely  identical  with  those 
yielded  by  ferrocyanide  of  potassium.  The  decomposition  which  takes  place  is  illna- 
trated  by  the  appended  diagram— 
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1  Ferrocywnide  ( 1  Ferrocyimoj 
of  lead        (2  Lead  — 


2  HydroBulphuric  (  2  Hydrogen- 
acid  1^2  SidphuF- 


1  Hydro-ferrocyaai<j 
acid 


^2  SHlphuret  of  lead 


Thus  obtained^  it  is  dissolved  in  water;  by  evaporating  the  solution  in  vacuo 
over  strong  sulphuric  acid,  it  may  be  procured  in  crystals.  There  is  another  method 
of  preparing  hydro-ferrocyanic  acid ;  by  adding  hydrochloric  acid  to  a  concentrated 
aqueous  solution  of  prussiate  of  potash  free  from  air,  and  agitating  the  mixture  with 
ether ;  by  which  treatment  crystals  of  the  acid  are  thrown  down. 

Ferreaesguicyartide  of  I^otassiutnf  or  Ferrideyanide  of  Poiamum  {JR&d  Prussiate  of 

Potash). 
This  is  another  important  salt,  containing  iron  in  its.  acid  or  electso-negatiTe  eom* 
ponent. 

Preparation, — ^By  transmitting  chlorine  through  a  solution  of  yellow  or  common 
prussiate  of  potash,  until  the  solution  ceases  to  furnish  a  blue  precipitate  with  persalts 
of  iron,  and  evaporating.    During  the  operation  of  transmitting  chlorine,  the  liquor 
must  be  continually  agitated,  and  the  chlorine  must  not  be  supplied  in  excess. 
The  decomposition  which  ensues  may  be  thus  represented  by  a  diagram  : 

2  Fenocyanide  of  potassium  (2.  Iron         \  1  Ferridcyanide  of  potassium 

12  Cyanogen 
(yellow  prussiate  of  potash)  J  3  Cyanogen  \  (red  prussiate  of  potash) 

j  1  Cyanogen 

I  3  PotassiumJ 

\\  Potassium 
1  Chlorine y  1  Chloride  of  potassium 

or  thus,  in  chemical  symbolic  notation, 

2(FeCy  +  2KCy)  +  CI  =  (3KCy  +  Fe^Cyj)  +  KCl. 

Properties. — ^This  salt  is  less  soluble  than  yellow  prussiate  of  potash,  only  one  part 
being  dissolved  in  about  forty  of  cold  water.  Like  the  preceding,  it  is  a  valuable  test 
for  several  calcigenous  metals,  more  especially  iron.  With  proto-compoimds  of  iron  it 
yields  a  white,  with  per-colnpounds '  a  blue  precipitate,  whereas  yeUow  prussiate  of 
potash  acts  in  the  reverse  oirder,  yielding  a  white  pnopitate  with  proto-compounds  of 
iron,  and  a  blue  procipitate  with  i>eff-compoimds  of  the  same  metal.  Similarly  to 
yellow  prussiate  of  potash,  the  compoond  under  consideration  yields  a  precipitate  with 
solutions  of  lead,  and  this  precipitate  being  decomposed  bgr  dilute  sulphuric  acid, 
yields  a  distinct  and  somewhat  permanent  hydraoid^  ferrosesgtsieifanic  aeid^  or  forrid- 
eyemic  aeid, 

Forrideyamde  of  lead  \b  composed,  as  indicated,  by  the  foxmula  3PbCy  -(^  FcjCyS, 
and  the  |compo8itioii  of  hydro-ferridcyaziie  aeid  is  repceseiited  by  the  formula 
3HCy  -^  FejCy,.  By  carefully  evaporating  a  solutioa  of  hydro&rridcyanie  acid  it  is 
obtained  in  the  state  of  crystalsi 

Prussian  Blue, 
Under  the  generie  name  of  Prussian  blue  are  comprehended  sdveral  important 
cyanogen  compounds  of  iron,  of  which  I  shall  <mly  specially  advert  to  two :  ctMnmon 
Prussian  blue,  which  is  the  result  obtained  by  adding  yellow  prussiate  of  potash  to  a 
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persolution  of  iron,  and  TumbnU's  Frusauin  Uue  generated  by  adding  red  pnuaiate  of 
potash  to  a  protoealt  of  iron. 

Gammon  Fnutian  Blue. 
Preparation, — ^This  compound  is  generated,  as  already  indicated,  when  solution  of 
yellow  prussiate  of  potash  is  added  to  a  solution  of  a  persalt  of  iron.   The  decomposition 
which  ensues  1b  represented  by  the  subjoined  diagram,  in  solutions  where  perchloride 
of  iron  is  supposed  to  hare  been  employed. 

2  Perchloride  of     f  6  chlorine 7%  chloride 

iron  1 4  iron        ; ^^  ^  potossiiim 

3  Ferrocyanide  of  [6  cyanide  of  (  6  potassium^-^^S. 

potassium  potassium    (  6  cyanogen ^.  ,  .  ., 

(YeUow  prussiate  "  3  cyanide  of  {  ^  feixocyamde 

of  potash)        I       iron  >        of  iron 

or,  in  chemical  symbolic  notaticm,  as  follows, 

2Fe2Cl3  +  3(FeCy  +  2KCy)  =  6KC1  +  (3FeCy  +  2FejCys). 
whence  it  appeara  that  the  formula  of  common  prussian  blue  (ferro-cyanide  of  iron)  is 
3FeCy  +  2Fe2Cy,  or,  3Cfy  +  4Fe. 
Froperiiea. — Somewhat  resembling  indigo  in  general  appearance,  but  &r  less  per- 
manent when  subjected  to  chemical  re-agents.  In  water  and  weak  acids  it  is  insoluble. 
Strong  sulphuric  acid  decomposes  it,  with  the  production  of  a  white  compound. 
Alkalies  also  destroy  its  colour  instantaneously.  Heated  in  the  open  air  it  bums, 
leaving  a  residue  of  peroxide  of  iron ;  and  exposed  to  destructiye  distillation  it  is 
decomposed  into  cyanide  of  ammonium,  water,  carbonate  of  ammonia,  and  carburet  of 
iron. 

TurtihuWa  Prussian  Blue. 

The  method  of  preparing  this  compound  has  already  been  indicated.  It  possesses 
a  brighter  tint  than  the  preceding  compound,  and  is  employed  for  similar  purposes. 

CHBOMEj^OB  CHBOMnm. 

Atomic  or  equiyalent  weight    ....    267 
Specific  gravity  (about) 59 

General  Bemarks, — ^This  important  metal  derives  its  name  from  xp^'f'h  ooiour,  on 
account  of  the  varied  tints  afforded  by  its  combinations.  Chromium  was  demonstrated 
to  be  a  metal  by  Yauquelin,  in  1787 ;  he  succeeded  in  obtaining  it  from  oxide  of 
chromium,  but  not  in  a  pure  condition. 

Preparation. — ^The  process  followed  for  obtaining  chromium  is  the  coimterpart  of 
that  adopted  for  the  preparation  of  manganese ;  sesquioxide  of  chrome  being*  intimately 
mixed  with  charcoal-powder,  sugar,  and  oil,  charcoal,  sugar,  and  coal-tar,  or  some 
materials  equally  rich  in  carbon,  is  raised  into  an  earthenware  crucible,  lined 
with  charcoal,  and  exposed  to  the  highest  heat  of  a  smith's  forge.  A  mass  remains, 
metallic  in  appearance,  and  which  was  once  considered  to  be  pure  ehr(»nium ;  it, 
however,  bears  the  same  relation  to  chromium  that  cast  iron  bears  to  the  pure  metal,— 
it  is  earhuretted.  To  obtain  it  pure  the  preceding  result  is  to  be  powdered,  then 
intimately  mixed  with  green  oxide  of  chromium,  and  exposed  a  second  time  to  the 
highest  heat  of  a  smith's  forge,  in  a  crucible  of  porcelain  lined  with  charcoal,  and 
contained  in  one  of  Hessian,  or  Cornish  ware. 
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By  this  operation  oxygen  &om  the  oxide  of  chromium  unites  with  the  carbon  of 
the  carbonaceous  mass,  which  escapes  in  the  condition  of  carbonic  oxide  and  carbonic 
acid,  pure  chromium  remaining  in  the  state  of  button  or  ingot,  if  the  heat  haye  been 
sufficient 

iV0;>0r<tM.— -Chromium  has  a  full  white  metallic  lustre;  it  is  Tery  brittle,  and 
sufficiently  hard  to  scratch  glass.  Dry  atmospheric  air,  at  ordinary  temperatures,  does 
not  oxidise  it  perceptibly ;  but  it  is  readily  oxidised  by  heating  it  to  redness.  Hydro- 
chloric acid  and  dilute  sulphuric  acid  readily  dissolve  it. 

Chromium  with  Oxygwi, — ^The  oxygen  compounds  of  chromium  are  numerous. 
TaJcen  as  a  class,  they  present  analogies  to  the  oxygen  compounds  of  iron ;  but  one  is 
analogous  in  composition  to  permanganic  acid.  The  following  is  a  tabular  arrange- 
ment of  the  oxygen  compounds  of  chromium : — 

Chromiam,     Oxygen. 

1.  Protoxide  of  chromium 1  1  (?) 

2.  Sesquioxide  of  chromium 2  3 

3.  Compound  of  the  two  preceding  in  single  atomic  pro> 

portions 3  4 

4.  Chromic  acid 1  3 

5.  Combination  of  chromic  acid  and  protoxide  of  chrome        2  4 

6.  Perchromic  acid        ...*...        2  7 

Protoxide  of  Chromium. 

Preparation  and  Properties. — Solution  of  potash  being  added  to  solution  of  proto- 
chloride  of  chromium,  protoxide  of  chromium  is  thrown  down  in  the  state  of  a  brown 
hydrate.  The  precipitate  is,  however,  not  permanent.  Having  a  great  affinity  for 
oxygen,  it  decomposes  water  almost  as  soon  as  formed ;  and  if  the  solution  be  hot,  the 
decomposition  proceeds  with  remarkable  activity.  The  result  of  this  decomposition  is 
the  production  of  the  hydrate  of  the  oxide  Cr304,  or  rather,  perhaps,  CrO^  CrjO,,  seeing 
that  it  is  regarded  as  analogous  with  the  magnetic  oxide  of  iron.  By  heating  this  latter 
hydrated  oxide  in  a  glass  tube,  further  decomposition  takes  place ;  the  equivalent  of 
oxygen  possessed  by  the  water  of  hydration  is  retained  and  hydrogen  evolved.  The 
composition  of  protoxide  of  chrome  is  assumed  to  be  as  represented  in  the  tabular  view 
just  given.  The  determination  of  its  composition  by  analysis  has  not  been  accom- 
plished. 

Salts  of  Protoxide  of  Chromium. — On  account  of  the  avidity  of  this  oxide  for  oxygen, 
but  little  of  the  salts  in  question  is  known.  The  acetate  and  the  double  sulphate  of 
protoxide  of  chromium  and  potash  are  the  only  proto-oxygen  salts  of  chrome  which 
have  been  distinctly  formed.  Many  of  the  qualities,  however,  of  the  protoxide  of 
chromium  are  manifested  by  the  proto-chloride  of  the  metal.  The  following  are 
amongst  the  most  remaricable : — 

Caustic  potash  throws  down  at  first  a  brown  precipitate  of  hydrated  oxide,  almost 
immediately  changing  into  the  brown  hydrated  magnetic  oxide ;  hydrogen  being  simul- 
taneously evolved.  Hydrosulphates  yield  a  black  precipitate,  but  hydrosulphuric  acid 
none.  Corrosive  sublimate,  when  added  to  it,  throws  down  calomel ;  and  chlorine, 
nitric  acid,  and  many  other  oxidising  agents  convert  the  protoxide  into  the  green,  or 
sesquioxide. 

•  Sesquioxide  of  Chromium. 

General  remarks, — In  its  general  characterirtics  this  oxide  is  analogous  to  the 
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sesquioxide  of  iron,  acting  the  jMirt  of  a  feeble  base,  and  yielding  in  many  cases  salts  of 
two  colours  (green  and  yiolet)  "with  the  same  aeid. 

Prfparaium. — This  oxide,  in  a  hydrated  <Kmditioti,  may  be  thrcwn  down  &om  any 
sesquisalt  of  chromium  by  the  addition  of  ammonia ;  in  the  anhydrous  condition  it 
can  be  obtained  by  many  processes,  amongst  wbich  tiie  £c>^bwing  may  be  enume- 
rated:— 

(1)  By  decomposing  by  heat,  the  chromate  of  the  sub-oxide  of  mercury,  when 
oxygen  and  metallic  mercury  are  erolTed,  and  green  sesquioxide  of  chrominm  remains. 
The  decomposition  whicAi  ensues  is  determined  lyy  the  tendency  ef  oxygen  and  mercury 
to  be  volatilized  by  heat.    It  is  represented  by  the  following  diagram : — 


2  Chromate  of  i 

sub-oxide  of  I 

mercury    -j 


4  Suboxide  ^4  Mercury- 
of         ] 

(2  Oxyg 


<    mercury 

1 2  Chromic 
acid 


f5  Oxygen- 
1  Oxygen 


(2  Chromium 


escape 


1  Besquioxide  of 
chjromium 
Or  thus  in  chemical  symbolic  notation — 

2(Hg20,  CrOa)  =  Cr^Og  +  4Hg  +  60. 

Remark. — ^The  chromate  of  sub-oxide  of  mercury  here  referred  to  is  prepared  by 
mixing  together  solutions  sub-nitrate  of  mercury  and  of  chromate  of  potash.  The  red 
precipitate  which  falls  is  the  substance  under  consideration. 

(2)  By  the  calcination  of  bichromate  of  potash,  with  charcoal,  sugar,  starch,  or 
generally  any  organic  body  rich  in  carbon ;  and  lixiviating  the  product  with  water. 
The  decomposition  which  ensues  is  represented  as  follows  by  a  diagram,  and  by 
chemical  symbolic  notation : — 

1  Carbonic  acid 


1  Carbon - 

2  Carbon 


2  Bichromate/' 2  Potash 
of 
potash    ^ 

4  Chromic 
acid 


2  CarboQJx) )  2  Carbonate 


acid 


of 
potash 


2  Oxygen 
4  Oxygen 
6  Oxygen     ^  2  equivalents  of 
>  sesquioxide. ofj 
4  Chromium)      chromium.' 


2(B:0,  2Cr08)  +  3C  =  2(K0,  COj)  -f  CO.,  -f  ^Crfi^ 

(3)  By  calcining  one  part  of  bichromate  of  potash  and  about  two  parts  sulphur,  a 
mixture  of  sulphate  of  potash  and  sesquioxide  of  chromium  is  obtained.  On  treating 
this  with  water,  the  alkaline  salt  dissolves  out,  and  tiie  chrome-oxide  is  isolated.  It 
will  be  seen  that  in  this  operation  the  sulphur  acts  the  part  of  carbon  in  the  preceding 
decomposition ;  both  have  a  strong  affinity  for  oxygen,  and  remove  that  element  from 
the  chromic  acid  contained  in  the  bichromate ;  carbon  yielding  a  carbonate  under  these 
circumstances,  sulphur  a  sulphate.  Oxide  of  chromium  prepared  by  this  process  is 
frequently  contaminated  by  a  little  sulphur,  which,  however,  may  bo  burned  away  in 
the  condition  of  sulphurous  acid,  and  the  oxile  left  pure. 
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,  The  decomposition  which  results  from  the  precediag  operation  is  t^us  repre- 
sented : — 


1  Sulphur 


^1  Sulphuric 
acid 


1  Bichromate  ( 1  Potash- 
of        ] 
potash      (  2  Chromic  /  3  Oxygen 


!■ 


Sulphate  of 
potash 


acid     j  3  Oxygen      ^ 
v2  Chromium  ) 
KO/2Cr03  +  S  =  CrjOg  +  KO,  SO3 


1  '  ^  Vl  Sesquioxide  of 

V2  Chromium  )         chromium 


Remark. — An  excess  of  sulphur  over  and  above  the  theoretical  atomic  proportion  is 
requisite  in  conducting  this  operation,  in  as  much  as  a  portion  becomes  velatilized,  thus 
taMng  no  part  in  the  subsequent  action. 

(4)  By  heating  bichromate  of  potash  to  -whiteness  the  salt  is  decomposed,  oxygen 
being  evolved,  and  neutral  chromate  of  x>otash  mixed  with  sesquioxide  of  chromium 
remaining.  The  neutral  chromate  of  potash  being  soluble  in  water,  and  the  sesqui- 
oxide of  chromium  insoluble  in  that  medium,  separation  of  the  two  can  be  readily 
effected.    The  decomposition  is  thus  represented : — 


2  Bichromate  of  potash 


(SOxygen- 
2  Chromic  acid  •<  3  Oxygen 


-escape 


2  CJhromic  acid  . 
.2  Potash  .    .    . 


(  2  Chromium 


Or, 


}1  Sesquioxide  of 
Chromium 
\  2  Chromate  of    . 
5        Potash 


2(KO,2Cr03)  =  Cr.Og  +  30  +  2(K0,CrO3). 


(5)  By  heating  chromate  of  potash  to  redness  in  a  tube  of  porcelain,  and  transmit- 
ting over  it  a  current  of  chlorine.  Chlorine  by  abstracting  and  combining  with  potas- 
sium forms -dilonde  of  potassium ;  and  chromic  acid  being  unable,  under  the  o(Maditions 
of  the  experiment,  to  exist  alone,  is  decomposed  into  oxygen  and  sesquioxide  of  chro- 


2  Chlorine 


f 


7 


2  Chloride  of  potassium 


2  Potassium 


'2  Potash      (2  Oxygen  ^ 
2  Chromate  of  ^  ^Escape 

potash.      \  2  Chromic  f  ?  SfZ?"  ^ 


Or, 


^      ^^       1 2  Chromium  )  ^  Sesquioxide  of  chromium 
2(KO,Cr03)  +  2C1  =  2Ka  -f  Cr^Oj  -f  30. 


(6)  By  transmitting  the  vapour  of  tMfftO'ehromie  acid  (a  preparation  to  be  here- 
after described)  through  a  red-hot  porcelain  tube.  The  sesquioxide  prepared  by  this 
method  is  obtained  in  crystals  of  extreme  beauty.  Their  colour  is  very  dark  green, 
ahnost  bUok,  and  of  sufficient  hardness  to  scratch  glass.  In  form  they  are  octahedral 
■-isomorphoua  with  native  silicate  of  alumina,  or  corundum.     The  decomposition 
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which  ensues  when  chlorochromic  acid  is  transmitted  through  the  red-hot  tube  is  as 
follows  :— 


2  Chlorochromic 
acid 


'  2  Chlorine- 
1  Oxygen  - 


[[Escape 


3  Oxygen       )  1  Sesquioxide  of  chro- 
2  Chromium  )  mium 


Or, 

2Cr02Cl  =  Cr^Oj  +  2C1  +  0. 

Salts  of  Sesquioxide  of  Chromium,— We  have  seen  that  the  sesquioxide  of  chromium 
is  green,  a  colour  which  it  imparts  to  flame ;  and  here  arises  an  important  qualitatiye 
distinction,  one  especially  useful  a  blowpipe  indication  of  the  metal,  and  of  frequent 
application  to  the  arts  of  porcelain  and  glass-painting.  A  combination  of  sesquioxide  of 
chrome,  lime,  and  stannic  acid  is  also  employed  as  beautiful  red  pigment.  Although 
acids  combine  with  this  oxide,  they  do  this  readily  only  under  particidar  circumstances, 
namely,  whilst  it  is  hydrated,  or  before  it  has  been  strongly  heated ;  after  this  only 
strong  acids  combine  with  it,  and  with  considerable  difficulty. 

Upon  the  whole  it  is  rather  an  acid,  than  a  basic  substance ;  it  combines  with 
several  bases,  of  these  the  protoxide  of  iron  furnishes  the  most  remarkable  example 
constituting  the  mineral  known  by  the  name  of  chromate  of  iron,  or  more  properly  chrome 
iron.  The  constitution  of  this  body  is  FeO  Cr,  O3.  It  sometimes  occurs  crystallized 
in  regular  octahedrons,  being,  therefore,  the  analogue  of  magnetic  oxide  of  iron,  and  the 
spinelle  ruby.  More  frequently,  however,  it  occurs  in  the  amorphous  state.  Its 
principal  localities  are  Lancashire  and  Cheshire  counties,  Pennsylvania,  Sweden, 
and  the  Uralian  mountains. 

Salts  of  sesquioxide  of  chrome  may  be  recognized  by  the  following  general  charac- 
teristics. With  many  acids  it  forms,  as  I  have  remarked,  two  series  of  salts,  the  green 
and  the  violet-coloured.  There  are,  for  example,  a  green  and  a  violet  sulphate,  each 
of  which  yields  a  precipitate  of  distinct  hue  when  ammonia  is  added ;  that  of  the  green 
sulphate  being  bluish,  the  other  greenish.  Solutions  of  potash  and  of  soda  produce 
an  almost  similar  effect.  Alkaline  carbonates  yield  with  both  varieties  a  greenish 
precipitate.  Hydrosulphates  yield  a  black  precipitate ;  but  hydrosulphuric  acid  none. 
Fused  with  borax  the  sesquioxide  of  chromium,  like  the  protoxide  of  that  metal,  yields 
a  blue  glass ;  and  fused  with  alkaline  carbonates  or  nitrates,  alkaline  chromates  are 
developed,  known  by  the  yeUow  colour  of  their  solutions. 

Chrome  Alums. — Sesquioxide  of  chromium,  having  the  same  atomic  constitution 
with  sesquioxide  of  iron,  and  sesquioxide  of  alumina,  and  being  moreover  isomor- 
phous  with  these,  may  take  their  place  in  chemical  combinations.  Hence,  we  have  the 
interesting  bodies  chrome  alums.    Three  of  these  are  known,  as  follows : — 

Potash— Chrome  alum    ....    Cr^OaSSOj -^  KOjSOg +24HO 
Soda— Chrome  alum  -    .     .    .     .    Cr^OsSSOj  -|-  NaO,S08  +  24HO 
Ammoniar-Chrome  alum    .    .     .    Cr,0^3S0j  +  (NH3,H0)S03  +  24H0 

Chromic  Aeid, 

Preparation. — ^There  are  several  methods  of  preparing  chromic  acid ;  but  the  most 
simple  is  the  following : — Four  parts  of  bichromate  of  potash  powdered  are  gradually 
mixed  with  three  of  concentrated  sulphuric  acid  at  a  temperature  of  from  130"  Fah.  to 
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140  Fah.  The  resnlt  of  this  operation  la  biaulphote  of  potaah  which  remains  in 
solution,  and  crystahi  of  chiomio  acid  which  deposit  on  oooling.  The  crystals  are  to 
be  drained  from  much  of  their  adherent  sulphuric  acid  by  being  placed  in  a  funnel 
supplied  with  a  loosely  fitting  plug  of  asbestos,  and  finally  drained  dry  by  spreading 
them  on  porous  porcelain.  Still  they  retain  a  little  sulphuric  acid :  they  should,  there- 
fore, be  re-diasolyed  in  a  small  quantity  of  water,  solution  of  ehromate  of  baryta  added, 
until  a  precipitate  no  longer  takes  place,  and  recrystallized  by  eyaporation  in  vacuo. 

FroperttM. — Crystals  of  chromic  acid  have  a  beautiful  red  colour  when  cold,  but 
when  heated  this  colour  deepens  almost  to  blackness.  If  the  heat  be  increased  short 
of  tedness,  the  chromic  acid  decomposes  into  sesquiozide  of  chromium,  and  oxygen. 
Chromic  acid,  on  account  of  the  amount  of  oxygen  which  it  contains,  and  the  fapility  with 
which  the  latter  is  eyolved,  is  a  powerful  oxidising  agent.  Thus,  when  mixed  with 
alcohol,  sugar,  or  one  of  many  other  carbonaceous  substances,  it  suffers  decomposition, 
and  sesquvndde  of  chromium  is  generated ;  the  change  being  indicated  by  the  occurrence 
of  a.  green  colour.  Treated  with  hydrochloric  acid,  sesquichloride  of  chrome  results, 
and  chlorine  is  eydyed,  in  accordance  with  the  following  diagram  and  formuls. 

[3  Chlorine  •  ...  are  evolved 


,  eChlorine  j^  XS'''?^®  \-  '  '  *F«  l^olvei 
6  Hydrochloric  acid  {  ,  Hydrogenil''''::::^'  "ZT^  ^' 


2Chromic«Hd  {g^^^ "      ^6  Wat.. 

2  CrOj  +  6  HCl  =  Cr^Cls  +  6H0  +  3C1. 

Chromic  acid  unites  with  sesquioxide  of  chromium  in  several  proportionfl  \  but  the 
resulting  compounds  have  not  been  much  studied. 

Chromic  Acid  with  Bases  {ChromaUs). 

Chromic  add  we  have  seen  to  be  isomeric  with  sulphuric  acid ;  in  other  words,  it  has 
a  similar  atomic  constitution.  It  readily  combines  with  most  bases,  yielding  compounds 
iaomorphouSf  or  belonging  to  the  same  crystalline  system^  with  the  sulphates.  All  the 
metallic  chromates,  with  the  exception  of  those  of  lime,  strontia,  magnesia,  are  insoluble, 
or  nearly  so.  Chromic  acid  furnishes  two  well  characterized  series  of  salts,  neutral 
chromates  and  bichromates ;  the  former  yellow,  the  latter  orange.  Both  yield  a  yellow 
predpitate  with  salts  of  lead  and  bismuth  ;  red  with  those  of  mercury ;  and  very  deep 
red  with  those  of  silver.  Similarly  to  uncombined  chromic  acid,  the  chromates  are 
decomposed  into  sesquioxide  of  chromium,  and  a  chloride  of  the  radical  of  the  base— 
when  heated  with  hydrochloric  acid. 

IPerehromie  Acid,  ] 

Preparation, — By  adding  peroxide  of  hydrogen  to  chromic  acid  the  latter  ii 
raised  to  a  higher  state  of  oxygenation,  and  becomes  perchromic  acid,  which  may  be 
dissolved  in  ether,  but  which  has  never  been  isolated  nor  obtained  in.  combination  with 
bases. 

iVqfMrft«>.^Solutions  containing  perchromic  acid  possess  a  beautiful  blue  tint 

Chromium  with  Chlorine  {Chlorides  of  ChromiwiCj, 
Of  these  compounds  two  are  known,  ^'protoehloride  vsiSiihe  sesquichhride;  cor- 
responding with  the  protoxide  and  the  sesquioxide  respectively. 
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SMfuiehloriie^/ijJiromUim, 

Treparatum.'—TT&^ly  like  chloride  of  alnminhim,  already  described  (page  427). 
It  condenses  in  tke  fbrm  of  crystals,  having  a  light  pmk  colour,  in  the  cool  portion 
ctf  the  tube. 

Properties, -^Xtcdte  insoluMe  in  told  vater,  lovt  toiling  vater  takes  up  a  Httle 
generating  a  green-coloured  solution.  In  water,  horrever,  liolding  a  faint  trace  of  the 
compound,  next  to  l)e  described— protochloride  of  chromium — ^in  sohrtion,  iJre  sesgui- 
chloride  readily  dissohreB,  with  the  evolution  of  much  heat. 

iPrtiMtioruh  vf  dbrwmiioi. 

l^fcporafiort.^^By  tttmsmltlixig  hydrogen  gas  omr  imkydrous  0eBq«i«Uori^,  heated 
to  redness  in  a  porcdain  tube. 

Trcpert^i'^tL  -wMte  cempotrnd,  soiuble  fn  water,  fheveltttimi  be^g  bhie,  rapidly 
absorijxng  oxygena  Awm  t%e  air,  and  becoming  oonveited  into  «icy«b3«ride.  Liict 
8(dutions  of  protochloride,  and  of  eesqiiichloride'of  iron,  ^ntions  of  ^x)tochimde  of 
chromium  have  the  property  of  -absorinng  binexide  «f  altrogen. 

Ckhrim  with  Chromium  and  Oxpgen — Chhroehrofnio  Aeid, 
Preparation.*^¥iiae  in  an  earthen  crucible  tt  mixture  of  10  parts  by  weight  of 
chloride  of  sodium  with  17  parts  of  bichromate  of  potash,  pour  the  fused  mass  on  a  flat 
stone  or  metallic  sheet ;  break  it  when  cold^  and  distil  it  in  a  nsloiii  with  30  parts  by 
weight  of  strong  sulphuric  acid.  Ghlorocbromic  ^aoid  is  evolyed,  and  may  be  con- 
densed in  a  receiver  kept  cold  wi£h  ice. 

Froperlies, — A  deep  red  ^id,  m  much  like  bromine'  in  appearance,  that  it  is  not 
easy  to  distinguish  one  from  the  other.  Specific  grsvity  1*71 ;  b^Bg  preint,  248** 
Fah.  It  is  decomposed,  by  contact  with  water,  into  chromic  and  hydrochloric  acid, 
according  to  the  following  scheme. 

1  Gklo«K*r<»iic  n  S^'^.^-^— ^^  ^^"^^  *"'* 


1  Water       i^  Oxygen  — ^      ^n.^^^^ 

(  1  Hydrogen  — -^1  Hydrochloric  acid 

CrO,Cl  +  HO  -  CiO,  +  HCl. 

Compounds  of  Chromium  with  Sulphur  and  Nitrogen. 
A  sulphuf et  or  sulphide  of  cliromium  may  be  produced  by  transmitting  the  vapour 
of  bisulphide  of  carbon  over  sesquioxide  of  chrome  heated  to  redness  in  a  tube  of 
porcelain.  The  substance  has  a.  erystalUne  mpect,  somewhat  resembling  native 
graphite  in  Appearance.  Its  composition  is  represented  by  the  formula  Cr^  S,^  A 
compound  of  chromium  with  nitrogen  may  be  formed  by  heating  sesquichloride  of 
chromiimi  in  ammoniacal  gas.  It  occurs  as  a  brown  powdez^  the  atomic  composition 
of  which  has  notl>een  determined. 

Atomic  or  eq-uivalent  weight •    =  29*6 

Specific  gravity        •        .        .        •        .        .        .        .     =:    8*8 

History  and  Natural  i^0f^.<«^Nickel  was  x^cognised  as  a  dietinot  metal  by 
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Gronstadt  and  Bergmaim  in  1751.  It  is  obtained  from  an  ore  termed  by  the  Germana 
Kvpfer  nickel^  or  falae  copper^  because  it  somewhat  resembles  a  copper  ore  in  general 
appearance,  but  contains  none.  Whan  the  ore  in  question  was  found  to  contain  a  new 
metal,  the  term  mekd  was  retained.  Nickel  is  also  obtained  from  a  commercial  article 
tenned  speiss,  being  the  residue  of  the  oie  from  Thich  cobalt  iff  extracted.  Both 
Ktipfer.  niekd  and  Speiu  are  arseniurets  of  the  metal. 

Kickel  is  isolated  from  the  arsenic  with  which  it  is  associated  in  the  preceding  com- 
pounds by  the  following  treatment.  The  ore  is  first  dissolyed  in  a  mixture  of  dilute 
nitric  and  sulphuric  acids.  The  nitric  acid  converts  the  arsenic  into  arsenious  acid« 
and  nickel  being  changed  into  oxide  of  nickel,  unites  with  sulphuric  acid  and  forms 
sulphate  of  oxide  of  nickeL  The  liquor  is  now  evaporated,  when  most  of  the  arsenious 
add  crystallizes  and  is  deposited.  Carbonate  of  pota&h  is  now  added,  and  the  solution 
being  crystallised  yields  a  double  sulphate  of  nickel  and  potash.  This  salt  may  at  first 
be  sUghtiy  coutaminated  with  arsenic,  iron,  and  copper;  by  solution  and  crystallization 
twice,  or  three  times,  it  may  be  completely  freed  from  the  former  metaL  Copper  may 
be  separated  by  precipitation  with  hydrosulphuric  acid  (which  neither  throws  down  iron 
or  nickel),  and  finally,  nickel  oxide  may  be  obtained  free  from  oxide  of  iron  by  the 
action  of  liquor  ammoniae,  which  dissolves  the  iormer,  but  leaves  the  latter  intact. 
Oxalic  acid  precipitates  the  oxide  of  nickel  from  its  iumnoniacal  solution  in  the  con- 
dition of  oxalate  of  nickel;  which  being  heated  leaves  metallic  nickel/1 

Freparat%on,—OnB  method  of  obtaining  nickel  in  the  metallic  state  has  just  been 
described,  rte.,  by  decomposing  the  oxalate  of  nickel  by  heat.  A  degree  of  heat  short 
of  redness  suffices  to  efiect  this  decomposition,  but  the  resulting  nickel  OBly  aggregates 
into  a  metallic  button  when  the  heat  applied  is  intense.  Jf  the  metal  be  required  in 
this  condition,  portions  of  dried  oxalate  are  to  be  rammed  into  a  charcoal-lined  earthen 
crucible,  and  exposed  for  not  less  tiian  two  hoars  to  the  strongest  blast  of  a  smith's 
forge.  Metallic  nTckel  may  also  be  obtained  in  a  spoDgy  state  by  transmiitting  a  our'- 
rent  of  hydrogen  gas  over  oxide  of  nickel  heated  to  redness  in  a  poroelaia  tube;  or  in 
the  condition  of  metallic  button  by  exposing  the  oxide,  mixed  with  sugar,  starch,  char- 
coal powder,  or  other  carbonaceous  materials  to  the  highest  heat  of  a  smith's  ibrge  in  a 
charcoal-lined  crucible.  Nickel  produced  by  the  operation  last  mentioned  is  carbur$tUd^ 
QTy  in  other  words,  holds  in  combinaticm  a  small  portion  of  earbon ;  it  therefore  has  the 
same  relation  to  pure  nickel,  that  cast  iron  and  steel  have  to  pure  iron, 

Projw^tM.-*NickeI  is  a  white  metal,  inclining  to  gray,  very  majpetio  at  ordinary 
temperatures,  but  loses  that  property  when  heated  to  400°  Fsh.  Its  surface  bears  a 
high  polish,  and  does  not  tarnish  much  by  exposure  to  ordinary  atmospheric  agencies 
at  common  temperatures;  when  heated,  however,  its  surface  becomes  covered  ^th  an 
oxide.  Its  proper  chemical  solvents  are  hydrochloric  and  sulphuric  acids.  Nickel, 
when  obtained  as  a  metallic  button,  has  the  aspect  of  a  brittle  metal ;  it  iSp  however, 
malleable  to  some  extent,  and  may  be  drawn  out  into  wire. 

Cbmpounds  of  niekd  with  oxygen.-^Oiddes  of  Nickel, — Of  these  compounds  two  are 
known :  the  protoxide  and  sesquioxide  of  nickel 

.     ProtavidAofNifika, 

Pir^MiraUom  and  prqperties.—When  a  soltttion  of  potash,  or  of  seds,  is  added  t»  any 

protosalt  of  nickel,  the  protoxide  of  tibat  metal  in  the  hydzated  state  ia  thrown  dowa* 

The  latter  being  exposed  to  heat  in  a  dose  vessel,  yields  uihydroitf  protexideof  akkel. 

It  may  also  be  obtained  by  ealciniag  the  hydrated  carbonate  of  nickel,  in  place  of  the 
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hydrated  oxide  of  that  metal ;— or  finally,  by  decompomtion  of  the  nitrate  at  a  very 
high  temperature.  Hydrated  protoxide  of  nickel  has  a  beantiful  green  colour;  anhy- 
droui  oxide  of  nickel  is  gray  or  brown. 

Sesquuwith  of  NiekeL 

Preparatiim  and  properties, — ^This  oxide  may  be  generated  by  gospending  the  pro- 
toxide in  water,  and  either  transmitting  through  it  a  current  of  chlorine,  or  boiling  it 
with  a  solution  of  commercial  chloride  of  lime.  It  is  a  black  powder^  which  evolves 
oxygen  when  heated,  and  leaves  protoxide.  It  does  not  &rm  any  well-defined  and 
permanent  salts. 

Charaeteristie  qualifies  of  nieJcel  solutions,  especially  solutions  of  the  protoxide, — The 
solutions  of  nickel  which  usually  occur  in  the  course  of  mineral  analysis,  are  of  the 
protoxide  or  the'protochloride,  which  latter  belongs  to  the  same  practical  category 
with  the  former.  AU  these  solutions,  and  the  salts  crystallized  out  of  them,  are 
characterized  by  a  green  tint ;  in  this  respect  presenting  some  analogy  to  the  salts 
of  copper,  and  certain  protosalts  of  iron ;  the  green  tint,  however,  of  nickel  salts  is  far 
more  decided  than  of  the  former.  Nickel  solutions  yield  no  precipitate  with  hydro- 
sulphuric  acid;  in  which  respect  they  resemble,  amongst  calcigenous  metals,  the 
solutions  of  iron,  cobalt,  manganese  and  uranium.  With  hydrosulphate  of  ammonia, 
and  the  hydrosulphates  generally,  a  black  precipitate  is  furnished.  Ferrocyanide  of 
potassium  generates  a  whitish  precipitate,  and  solution  of  ammonia  a  green  precipitate, 
re-dissolved  by  adding  excess  of  ammonia,  and  then  generating  a  deep  blue  liquid ;  by 
the  last  two  characteristics  nickel  solutions  wiQ  be  seen  hereafter  to  assimilate  them- 
selves to  those  of  copper.  Carbonates  of  alkalies,  also  alkaline  srseniates  and  phos- 
phates, throw  down  a  pale  green  precipitate. 

Oxygen  Salts  o/JVfeM.— Of  these,  the  sulphate  of  the  protoxide  of  nickel  is  the  best 
defined  and  the  most  beautiful;  it  may  be  readily  prepared  by  saturating  dilute 
sulphuric  acid  with  protoxide  of  nickel  and  evaporating  the  solution.  If  the  solution 
be  only  evaporated  imtil  a  pellicle  forms  on  its  surface,  and  set  aside  to  crystallize, 
the  resulting  crystals  hold  seven  equivalents  of  water  of  crystallization ;  but  if  the 
evaporative  process  be  continuous,  the  resulting  crystals  only  contain  six  equivalents  of 
water  of  crystallization.  In  both  conditions  of  hydration  the  crystals  of  sulphate  of 
nickel  are  very  beautiful.    Their  colour  is  an  intense  grass-green. 

Alloys  ofNiehel, — ^The  most  imp(»>tant  of  these  alloys  is  German  silver,  a  material 
now  in  extensive  use  as  a  substitute  for  silver  itself.  German  silver  is  composed  of 
100  parts  copper,  60  of  zinc,  and  10  of  nickel.  The  chief  employment  of  German 
silver  at  this  time  is  as  a  body  on  which  pure  silver  or  gold  may  be  deposited  by  the 
operation  of  electrotypihg.  For  this  purpose  it  answers  well ;  but  the  most  casual 
observation  suffices  to  distinguish  the  metal  from  silver,  when  not  thus  disguised. 

COBALT. 

Equivalent  or  atomic  weight    .    •    .    29*5 
Specific  gravity 8-6 

Bisiory  and  Natural  History. ^OohtXt  was  first  recognized  as  a  distinct  metal  by 
Brandt  in  1733.  It  occurs  associated  with  nickel,  from  which  it  can  only  be  separated 
eompletely  by  tedious  analytical  processes. 

Preparation. — ^The  processes  had  recourse  to  for  obtaining  nickel  in  the  pure 
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metallio  state,  so  exactly  resemble  those  already  described  for  obtaining  cobalt,  that 
any  further  description  of  them  is  imnecessary. 

iV«)pjr<ftM.— Cobalt,  when  obtained  from  its  oxide  decomposed  by  a  cnrrent  of 
hydrogen  gas,  at  a  low  furnace  temperature,*  is  a  gray  powder,  which  takes  fire  on 
coming  into  contact  with  the  atmo^here,  and  is  conyerted  into  oxide ;  by  effecting 
the  same  decomposition  at  a  high  temperature  the  resulting  cobalt  is  still  pulyerulent, 
but  no  longer  pyrophoric  When  obtained  by  the  decomposition  of  the  oxalate  of 
cobalt,  in  contact  with  carbonaneous  matter,  and  at  a  high  temperature,  the  resulting 
cobalt  occurs  in  the  form  of  a  metallic  button,  haying  the  lustre  of  steel,  bearing  a 
polish,  yeiy  brittle,  haying  the  magnetic  property  in  a  yery  high  degree,  and  less 
oxidisable  than  iron  when  exposed  to  the  influence  of  a  moist  atmosphere.  The  proper 
solyents  for  cobalt  are  the  sulphuric  and  the  hydrochloric  acids,  with  either  of  which 
it  yields  a  solution,  hydrogen  gas  being  eyolyed. 

CohaU  icith  Oxygen, 

Oxides  of  OoML— There  are  two  known  oxides  of  cobalt,  both  capable  of  yielding 
salts  by  union  with  acids ;  they  are  the  protoxide,  CoO,  and  the  sesquioxide,  CogO,. 

Protoxide  of  Cobalt, 

General  Bemarks, — ^All  ordinary  salts  of  cobalt  contain  either  the  oxide  or  its  cor- 
responding haloid  radical,  the  salts  of  which  may,  for  the  most  part,  be  recognized  by 
their  red  or  roseate  colour ;  some  are  red  only  when  diluted  to  a  certain  point.  This 
remark  applies  for  instance  to  the  protocUoride  of  cobalt,  the  solution  of  which 
assumes,  on  being  concentrated,  a  beautiful  azure  tint,  but  is  red  when  diluted.  The 
difference  of  tint  in  this  example  may  be  the  result  of  difference  between  hydration 
and  dehydration;  it  may,  with  equal  probability,  be  referable  to  allotropism,  an 
assumption  which  is  rendered  probable  by  the  demeanour  of  crystallized  chloride  of 
cobalt  at  yarious  degrees  of  temperature.  Whilst  cold  this  substance  is  red,  but  when 
heated  it  becomes  blue ;  no  loss  of  water,  howeyer,  takes  place,  nor  is  any  other 
change  of  chemical  composition  recognizable.  This  mutation  of  colour  effected  by  the 
chloride  of  cobalt,  has  suggested  its  employment  as  a  sympathetic  ink.  If  letters  be 
traced  with  a  weak  solution  of  chloride  of  cobalt,  they  are  at  first  inyisible,  because 
the  rose-coloured  modification  of  the  salt  is  not  sufficiently  pronounced  to  be  apparent ; 
by  heating  the  paper,  howeyerj  the  cobalt  solution  becomes  concentrated,  when 
assuming  its  blue  tinge  the  letters  written  with  it  are  easily  seen.  By  allowing  the 
pi^r  to  cool,  the  blue  colour  yanishes,  and  by  heating  it  reappears ;  changes  which 
may  be  determined  indefinitely,  proyided  the  degree  of  heat  employed  be  not  too 
considerable. 

Preparation. — The  protoxide' of  cobalt  in  combination  with  water,  or  " hydrated" 
may  be  obtained  by  treating  any  protosalt  of  cobalt  with  a  solution  of  potash  or  soda, 
or  of  ammonia,  proyided  the  cobalt  salt  do  not  contain  excess  of  add.  The  hydrated 
protoxide  thus  produced  is  a  light  blue  precipitate.  When  heated  strongly  the  water 
of  hydration  is  eyolyed,  and  the  gray  anhydrous  protoxide  remains. 

BaUt  of  Protoxide  of  Cobalt. — All  the  protosalts  of  cobalt  admit  of  preparation  by 
the  direct  neutralization  of  it  with  acids,  and  eyaporation  of  the  residue.  Many  can 
also  be  prepared,  by  processes  not  so  direct,  from  ores  of  cobalt,  especially  the  natiye 
aneniuret  of  cobalt,  termed  cobalt  glance.  When  a  pure  salt  of  cobalt  is  desired  from 
cobalt  glance,  the  latter  should  be  chosen  free  from  nickel,  with  which  it  is  frequently 
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associated.    The  cobalt  ore  from  Tunaberg,  in  Sweden,  being  purest,  is  best  adapted 
to  the  purpose :  it  may  be  treated  by  either  of  the  two  fbUowing  processes :-« 

Procesi  1.— *The  pnlyerized  ore  is  'spread  on  a  mnfle,  and  heated  until  all  its 
sulphur  has  (been  converted  into  sulphurous  acid  and  evolved,  and  a  considerable 
portion  of  its  arsenic  has  been  also  evolved  in  the  form  of  arsenious  acid.  Bimul- 
taneously  with  the  evolution  of  one  part  of  the  arsenic  as  arsenious  acid,  another  part 
unites  with  oxygen,  and  becomes  converted  into  arsenic  acid ;  which  latter  no  sooner 
forms  than  it  combines  with  the  cobalt  (which  has  by  this  time  become  oxidised), 
forming  arseniate  of  cobalt  At  length  the  'evolution  of  arsenious  acid  ceases,  when 
the  operation  is  advanced  another  stage ;  the  material  is  mixed  with  charcoal  powder, 
and  the  current  of  atmospheric  air  intercepted  by  closing  up  the  muffle.  The  charcoal, 
by  virtue  of  its  deoxidising  property,  coarerta  Ihe  arseniate  into  the  arseniuret,  which, 
on  throwing  open  the  muffle,  is  converted  into  arsenious  acid,  which  in  its  turn 
escapes.  Theoretically,  the  vfhole  of  the  aisenic  should  be  capable  of  separation  by 
the  methods  indicated ;  but  practically  this  is  not  the  case.  The  last  traces  of  arsenic 
are  usually  removed  by  roasting  the  cobaltic  product  with  carbonate  of  soda  and  nitre, 
by  which  treatment  the  arsenic  forms  arsenio  acid,  which  in  its  turn  immediately 
imites  with  the  soda,  forming  carbonate  of  soda.  Inasmuch  as  arseniate  of  soda  is 
soluble  in  water,  whereas  oxide  of  cobalt  is  not,  the  means  of  effecting  their  separa- 
tion is  obvious.  Nevertheless,  oxide  of  cobalt  thus  produced  is  rarely  or  ever  pure, 
usually  being  mixed  with  oxide  of  iron.  It  should,  therefore,  be  dissolved  in  nitric 
acid,  the  excess  of  acid  driven  off  by  evaporation,  the  pemitrate  of  iron  redissolved 
in  water,  and  the  peroxide  of  iron  thrown  down  by  carbonate  of  soda ;  after  which 
the  oxide  of  cobalt  may.be  thrown  down  as  oxalate  by  the  addition  of  oxalic  acid,  or 
as  protoxide  by  treatment  with  solution  of  potash  or  of  soda. 

Process  2. — ^Instead  of  the  operation  just  described,  the  powdered  cobalt  glance 
may  be  incorporated  with  sulphur  and  carbonate  of  soda,  and  the  mixture  ignited 
in  a  crucible,  by  which  treatment  a  button,  composed  of  a  mixture  of  sulphuret  of 
cobalt,  arseniuret  of  cobalt,  and  sulphuret  and  arseniuret  of  sodium  results.  This 
button,  being  comminuted  and  digested  with  weak  oil  of  vitriol,  hydrosulphuric  acid 
is  evolved,  and  solution  of  sulphate  of  cobalt  remains,  which  deposits  crystals  of  that 
salt  on  evaporation. 

Sulphate  of  Cobalt — This'  beautiful  salt  may  either  be  obtained  indirectly  by  the 
process  last  described,  or  directiy  by  saturating  sulphuric  acid  with  oxide  of  cobalt,  and 
subsequenUy  evaporating.  The  salt  may  be  obtained  either  holding  seven  or  six 
equivalents  of  water  of  crystallization,  dependent  on  the  temperature  employed  in  the 
evaporative  operation. 

NitraU  of, Cobalt  may  easily  be  formed  by  the  direct  process.  When  heated,  pro- 
toxide of  cobalt,  generally  mixed  with  a  variable  portion  of  peroxide,  remains. 

Oxalate  of  Cobalt  is  an  interesting  salt,  on  account  of  its  tendency  to  insolubility  in 
various  solutions ;  thus  furnishing  a  means  of  throwing  down  oxide  of  cobalt  from  cer- 
tain mixed  solutions.  Oxalate  of  cobalt  occurs  in  the  form  of  rose-tinted  crystals  when 
solution  of  oxalic  acid  is  added  to  solution  of  sulphate,  nitrate,  or  chloride  of  cobalt. 

Combmations  of  Cobalt  with  Silieie  Acid  and  Silicates, — Silicic  acid  unites  by  fusion 
with  oxide  of  cobalt,  and  forms  silicates  of  that  base.  The  silicates  of  cobalt,  how- 
ever, are  of  much  less  interest  and  importance  than  the  double  silicate  of  cobalt  and 
potash,  to  which  the  term  stnalt  is  applied.  Smalt  has  a  light  blue  colour,  and  is 
extensively  prepared  in  Saxony  and  elsewhere  as  a  pigment  by  heating  the  roasted 
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satiTe  araeuio-siilphttret  af  oobah  with  siliiceoas  sand,  and  carbonate  of  potash  in  largo 
cnioiUlea.  The  blue  mass  reaaltmg  fr<Hii  thna  operation  ia  l^oken,  then  ^ndj  powdered, 
and  lastly  aeporated  from  all  coarser  particloa  \>j  suspension  in  water.  Zalfre  is  a 
idnd  of  superior  smalt. 

GobalUVttt^amarin^  om  TkemtrtPa  JSUte,  is  made  by  mixiBg  hydrate  of  alumina 
with  phosphate-  of  eobalty  and  heating  the  mixtnro  to  redness  in  craeibles  holding  a 
little  peroxide  of  mereury,  whieh  latter,  by  ©rolving  oxygen,  improves  the  colour  of 
the  resulting  compound. 

6hnerai  CharactmHki  ofOdbalt  in  SohOion  (Pr9te9aU8).—{l)  The  most  striking  test 
of  cobalt  in  any  state  is  ^e  magnificent  blue  tint  it  imparts  to  glass*  Salt  and  zafi&e, 
in  point  of  fact,  are  merely  glasses  coloured  blue  with  cobalt.  For  the  purpose  of 
doTeloping  this  colour  as  a  qualitatiTe  test  of  the  existence  of  cobah,  borax  is  usually 
the  material  chosen  fbr  colouration.  A  platinum  wire  being  bent  into  a  small  loop  is 
moistened,  dipped  in  powdered  borax,  and  heated  to  redness  in  the  blow-pipe  flame, 
when  a  colourless  bead  results.  The  bead  is  now  moistened,  dipped  into  a  solution  of 
cobalt,  or  a  powder  containing  that  metal,  and  again  heated  to  redness,  when  the 
beautiful  blue  tint,  so  indicative  of  the  presence  of  cobalt,  is  immediately  apparent. 

(2)  Potash  solution  throws  down  the  blue  hydrated  protoxide  of  cobalt,  the  tint  of 
which  alters  to  red  on  the  application  of  heat. 

(3)  Ammonia  throws  down  a  blue  precipitate  soluble  in  excess  of  ammonia,  the 
solution  being  brown. 

(^)  Solution  of  carbonate  of  potash  of  soda,  or  of  ammonia,  throws  down  the  pinkish 
carbonate  of  cobalt.  If  carbonate  of  ammonia  be  employed,  the' precipitate  thrown 
down  is  soluble  in  excess,  of  the  reagent. 

(5)  Hydrosulphuric  add  yields  no  precipitate,  or  alteration  of  colour,  with  solu- 
tions of  cobalt ;  but  hydrosulphate  of  ammonia  (sulphide  of  ammonium)  yields  a  black 
precipitate. 

(6)  Ferrocyanide  of  potassium  throws  down  the  ferrocyanide  of  cobalt,  having  a 
dull  green  colour. 

8etqHioxid0  of  Cobalt, 

Preparation, — Hydrated  protoxide  of  cobalt  is  suspended  in  water,  and  a  current  of 
chlorine  transmitted.  By  this  treatment  one  portion  of  the  oxide  is  decomposed,  its 
metal  uniting  with  chlorine  to  form  a  chloride,  and  its  oxygen  uniting  with  another 
portion  of  protoxide  to  form  sesquioxide  of  cobalt,  which  is  thrown  down.  If,  now,  to 
the  liquor  holding  protochloride  of  cobalt  in  solution  potash  be  added,  the  cobalt  which 
it  contains  will  be  thrown  down  as  protoxide,  and  this  by  farther  treatment  with 
chlorine  may  be  made  to  yield  another  portion  of  sesquioxide,  and  so  on  by  repeating 
the  operations  until  the  cobalt  has  been  wholly  obtained  in  the  state  of  sesquioxide. 
An  easier  method  of  obtaining  the  whole  amount  of  cobalt  in  the  condition  of  sesqui- 
oxide consists  in  using  a  solution  of  alkaline  hypochlorite  instead  of  free  chlorine. 

XIWC. 

Equivalent  or  atomic  weight     .        •        .    32*6 

Specific  gravity         .        .    '    .  from  6*86  to  7*20 

Zinc  is  not  very  widely  diffused  over  the  world,  but  in  the  loealities  which  contain 

it  the  metal  is  abundant.    It  is  found  prinoiimlly  in  two  states,  the  oai'bonate  {tola' 

mine)  and  sulphuret  or  aino  blende.    Of  these  the  carbonate  is  melted  with  the  greater 

ease,  and  the  zinc  produced  is  of  the  better  quality.    In  the  production  of  zinc  from 
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calamine  the  ore  is  first  roasted,  for  the  purpose  of  driving  off  water  and  carhonio 
acid ;  it  is  then  seduced  by  the  conjoined  agency  of  heat  and  co^tact  with  carbo*- 
naceous  material ;  powdered  coke  being  employed  in  practice  for  this  purpose.    Inas- 
much, however,  as  zinc  is  a  metal  of  great  volatility,  the  process  of  smelting  differs 
from  that  ordinarily  followed  in  the  case  of  other  metals.    It  is  raised  in  vapour  and 
distilled ;  the  distillatory  apparatus  being  a  crucible  having  a  luted  cover,  and  fur- 
nished with  an  earthenware  pipe  through  its  bottom; 
the  other  end  of  the  pipe  terminating  over  a  dish  of 
wator,  as  represented  in  the  accompanying  diagram. 
This  process  of  distillation  was  termed  by  the  older 
chemists  JHstiUatio  per  deacmtum. 

The  colour  of  zinc  is  bluish-white.     Its  physical 

properties  differ  remarkably,  according  to  tlje  degree  of 

heat  to  which  it  is  raised.  When  cast  into  an  ingot,  and 

allowed  to  cool  to  the  ordinary  atmospheric  temperature^ 

zinc  is  a  somewhat  brittle  metal,  and  breaks  under  the 

shock  of  the  hammer.    Between  250°  and  300''  Fah.  it  is 

malleable,  and  may  be  reduced  to  the  form  of  sheet  by 

rolling,  thus  rendering  it  so  valuable  as  a  substitute  for 

lead  and  tin  plate.    When  the  heat  is  raised  to  400° 

^   Fah.,  it  becomes  so  extremely  brittle  that  it  may  be 

readily  powdered.     At  773°  Fah.  it  fuses,  and  heated  to 

whiteness  it  volatilises,  and  may  be  distilled.     Zinc  shavings  may  be  ignited  by  the 

flame  of  a  candle  as  readily  as  strips  of  paper.    They  bum  with  a  magnificent  white 

light,  and  crumble  into  a  flocculent  white  oxide,  to  which  the  alchemists  gave  the 

name  of  Lana  phUoaophica, 

Zinc,  although  an  easily  oxidisable  metal,  may  be  exposed  to  atmospheric  agencies 
for  considerable  periods,  without  more  than  thin  surface  oxidisation.  When  heated, 
its  power  of  absorbing  oxygen,  either  from  dry  air  or  aqueous  vapour,  is  greatly 
increased.  Its  power  of  rapidly  decomposing  aqueous  vapour  and  .  liberating 
hydrogen,  commences  at  a  temperature  only  a  little  above  the  boiling  point  of  water, 
212°  Fah. 

Zinc  is  readily  attacked  by  the  greater  number  of  acids ;  more  especially  hydro- 
chloric and  dilute  sulphuric  acids,  both  of  which  dissolve  it  with  evolution  of 
hydrogen.  It  is  also  acted  upon  when  boiled  with  alkaline  solutions.  All  the  soluble 
combinations  of  zinc  are  poisonous;  vessels  of  this  metal,  therefore,  cannot  with 
propriety  be  brought  in  prolonged  contact  with  articles  of  food. 

Combination  of  Zinc  with  Oxygen  {Oxide  of  Zinc), — Only  one  compound  of  oxygen 
and  zinc  is  known ;  it  is  composed  of  a  single  equivalent  of  each,  and  is,  consequently, 
the  protoxide  of  zinc.  Oxide  of  zinc  is  a  powerful  base,  readily  uniting  with  acids, 
and  formingtwell  defined  salts. 

Preparation, — One  method  of  forming  oxide  of  zinc  I  have  already  described ;  it 
consists  in  burning  fine  shavings  of  the  metal ;  when  a  flocculent  result,  lana  philo- 
sophica,  or  pompholix,— which  1b  the  oxide,  results.  Thus  prepared,  however,  oxide  of 
zinc  always  contains  small  traces  of  the  free  metaL  In  the  hydrated  form,  oxide  of 
zinc  may  be  thrown  down  from  the  solution  of  any  protosalt  of  zinc  by  the  addition 
of  potash  or  soda.  The  hydrate  thus  produced,  however,  retains  a  little  of  the  alkali 
with  much  obstinacy. 
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If  the  oxide  be  required  in  the  state  of  purity,  one  of  the  following  methods  of 
preparation  should  be  adopted : — (I).  Add  carbonate  of  potash  or  soda  to  a  protosolution 
of  zine  until  nothing  fbrther  precipitates.  Collect  the  precipitate,  which  is  a  hydrated 
carbonate,  wash  it  thoroughly,  and  drive  off  its  carbonic  acid  by  the  application  of 
furnace  heat.  (2).  Oxide  of  zinc  in  the  state  of  complete  purity  may  also  be  obtained 
by  heating  nitrate  of  zinc  in  a  crucible,  when  the  elements  of  nitric  acid  being  given 
off  pure  oxide  of  zinc  remains. 

Oxide  of  zinc  is  now  generated  on  the  large  scale  as  a  substitute  for  white  lead 
employed  as  a  pigment,  over  which  it  has  the  advantage  of  not  blackening  by  exposure 
to  sulphuretted  hydrogen  gas  and  vapours  of  hydrosulphate  of  ammonia.  It  is, 
nevertheless,  deficient  in  the  quality  of  body,  and,  to  employ  a  technical  phrase,  it 
does  not  wver  so  well  as  white  lead. 

/9ato  of  Oxide  of  Zine.— These  salts  are  all  of  them  characterized  by  a  peculiar 
styptic  taste,  which  assumes  its  maximum  in  the  sulphate  (white  vitriol).  AU  are 
colourless,  except  the  acid  which  enters  into  their  composition  be  itself  coloured. 
Their  solutions  yield  with  potash,  soda,  and  ammonia,  a  white  precipitate— the 
hydrated  oxide — soluble  in  excess  of  the  precipitant.  Alkaline  carbonates  and  ferro- 
oyanide  of  potassium  also  throw  down  white  precipitates,  as,  in  like  manner,  the 
hydrosnlphates  from  solutions  either  acid  or  neutral ;  hydrosulphuric  acid,  however, 
only  effects  precipitation  from  neutral  solutions. 

StdphaU  of  Zinc  {White  rtYrioQ.— This  salt  is  readily  produced  by  effecting  the 
solution  of  zinc  in  dilute  sulphuric  acid,  and  evaporating  the  solution  until  crystals 
form.  They  contain  seven  equivalents  of  water,  of  which  six  are  disengaged,  when 
the  salt  is  heated  to  212°  Fah.  Sulphate  of  zinc  is  generated  on  the  large  scale  by  an 
indirect  process,  the  theory  of  which  will  be  readily  intelligible,  from  zinc  blende  or 
the  native  sulphuret.  The  material  previously  reduced  to  powder  is  slowly  roasted, 
by  which  operation  a  portion  of  the  sulphur  entering  into  its  composition  is  evolved 
in  the  state  of  sulphurous  acid,  whilst  another  portion  absorbs  oxygen  from  the 
atmosphere,  and  becoming  sulphuric  acid  unites  with  oxide  of  zinc,  also  generated  by 
the  absorption  of  oxygen,  and  thus  constitutes  sulphate  of  zinc ;  which,  being  soluble, 
may  be  extracted  by  lixiviation,  and  crystallized  by  evaporation  to  the  proper  extent. 

Carbonate  of  Zinc. — ^It  has  already  been  mentioned  that  carbonate  of  zinc  occurs 
native,  and  is  termed  calamine.  It  is  a  true  neutral,  or  mono-carbonate,  having 
the  composition  as  indicated  by  the  formula  ZnO,Oo2.  ^^  ^^  never  been  artificially 
produced. 

Bydro-carhonate  of  Zwe.-^Tins  term  has  been  applied  to  the  hydrated  carbonate 
which  faUs  when  solution  of  an  alkaline  carbonate  is  poured  into  a  solution  of  salt  of 
zinc.  Its  composition  is  very  peculiar,  as  will  be  seen  from  the  subjoined  formula, 
which  represents  it :— (2ZnO.  CO^  +  SZnO.HO). 

Zine  with  StUphur-StOphuret  ofZine. 

Native  Bulphmet  of  zino  exists  in  large  quantities.  It  is  termed  zinc  blende^ 
and  is  employed  as  the  source  of  both  white  vitriol  and  metallic  zinc.  Artificially 
it  may  be  generated  either  by  heating  a  mixture  of  zinc  filings,  or  of  oxide  of  zino  (the 
latter  is  preferable)  with  powdered  sulphur  in  a  crucible. 

Propertiee, — ^Native  sulphuret  of  zino  is  a  translucid,  brownish,  compact  material, 
crystallizing  in  forms  belonging  to  the  cubic  or  tessular  system.  Artifioial  tulphuret 
of  zine,  prepared  by  the  methods  just  described,  is  a  yellowish-wbito  powder. 
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Zinc  with  Chlorine— Chloride  ofZine. 

Preparation* — (1)  By  transmittizig  a  euzrent  of  dry  chbrine  gas  through  fragments 
of  metallio  zinc. 

(2)  By  dissolying  zinc  in  hydrochloric  acid,  hydrated  chloride  of  zinc  results,  and 
this  being  heated  to  about  482°  Fah.,  erolyes  the  whole  of  its  water,  and  is  oonrerted 
into  anhydrous  chloride  of  zinc. 

Properties,— OWondid  of  zinc  is  a  white,  fusible,  highly  corrosiye  liquid,  possessing 
strong  antiseptic  properties,  soluble  in  alcohol,  combining  with  water  with  ayidity, 
and  xiot  decomposable  with  a  red  heat,  but  erolyed  in  the  state  of  yapour ;  thus  enabling 
it  to  be  distilled. 

General  Charaeteriatiea  of  Zinc  Salts. — (1)  The  most  striking  peculiarity  of  zinc 
salts  is  the  colour  of  the  precipitate  (white)  yielded  by  hydrosulphates  in  solutions 
both  acid  and  neutral,  or  by  hydrosulphuric  acid  in  the  latter. 

(2)  Solutions  of  potash,  soda,  and  ammonia  yield  a  white  precipitate  soluble  in 
excess  of  the  precipitant. 

(3)  Carbonate  of  ammonia  yields  a  white  joecipitate  soluble  la  excess  of  the  pre- 
cipitant. 

(4)  Carbonates  of  potash  and  soda  yield  white  precipitates  insoluble  in  excess  of 
precipitant. 

(5)  Ferrocyanide  of  potassium  yields  a  white  precipitate  insoluble  in  excess. 


Equivalent  or  atomic  weight        .        .        .56 
Specific  gravity 8*7 

This  interesting  metal  is  associated  with  zinc,  with  which  it  presents  certain 
analogies.  The  history  of  cadmium  is  curious.  In  some  parts  of  Germany  the  drugs 
and  chemicals  of  apothecaries  are  examined  for  the  purpose  of  ascertaining  whether 
they  are  free  from  contaminations.  In  the  year  1817,  a  portion  of  white  vitriol  (sul- 
phate of  zinc)  haying  being  subjected  to  this  ordeal,  it  was  condemned;  being  con- 
taminated, as  was  asserted,  with  arsenic.  To  this  award  the  owner  of  the  sulphate  of 
zinc  demurred,  and  referred  it  to  Professor  Stromeyer  for  examination;  when,  instead 
of  arsenic,  a  new  metal,  eadinium,  was  discovered.  Both  cadmium  and  arsenic  give  a 
yellow  precipitate  on  the  addition  of  hydrosulphuric  acid :— hence  the  mistake. 

Method  of  obtaining  Cadmium, — Cadmium  it  has  already  been  mmtioned,  occurs  in 
combination  with  zinc;  like  which  it  is  volatile,  and  may  be  distilled.  It  is  consider- 
ably more  volatile  than  zinc,  however,  being  evolved  at  a  red  heat,  whereas  zinc  does 
not  vapourize  until  the  heat  is  raised  to  whiteness ;  this  difference  between  the  two 
will  render  the  process  of  obtaining  cadmium  intelligible.  The  first  portions  of  v(da- 
tile  matter  which  pass  over  when  zinc  ore  is  distilled  in  contact  with  carbonaceous 
matter,  and  whioh,  on  account  of  their  burning  with  a  brown  flame,  are  called  by  the 
technical  name  of  brown  blttae,  contain  very  little  zinc,  and  are  ohiefly  oompoeed  of 
arsenic  and  cadmium.  It  cannot,  however,  be  obtained  completely  pure  by  this  meana, 
but  a  moist  chemical  process  has  to  be  adopted.  The  impure  oadmium  result  is  dis- 
solved in  dilute  nitric  or  hydrochloric  acid,  the  acid  being  in  slight  exces%  and  a  cur- 
rent of  hydrosulphuric  acid  is  transmitted,  when  sulphuret  of  cadmium  is  thrown  down, 
which  being  redissolved  in  nitric  acid,  and  carbonate  of  potash  or  soda  added,  yields 
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carbonate  of  cadminm,  and  the  latter  by  mixture  with  charcoal  powder,  and  diatillation, 
eyolvM  metallio  oadminm. 

iVopar^iM.— Cadmiiim  is  a  wott^  white,  dnctHe,  and  malleable  metal,  ittsible  below 
redness,  and  more  tolatile  than  sinc^ 

ComUmfiim  &f  Cadmium  with  Oxygm — Oxide  of  Cadmiwn.^^xily  one  oxide  of  cad- 
mium, the  protoxide,  is  known. 

Preparatum.-^AnhjdfovB  oxide  of  cadmium  may  be  prepared  by  buming  cadmium 
in  oxygen  gas,  or  atmospheric  air ;  or  by  strongly  heating  nitrate  of  cadmium.  The 
oxide  in  a  hydrated  condition  may  be  thrown  down  from  any  cadmium  salt  by  the 
addition  of  soda  or  potash. 

Salts  of  Oxide  of  Cadtnium,-^A11  colourless  acids  when  united  with  cadmiimi- 
oxide  yield  colourless  salts  of  cadmium,  from  which  the  hydrated  oxide  may  be  preci- 
pitated by  soda  or  potash ;  also  by  ammonia,  though  an  excess  of  the  latter  readily 
dissdres  the  predpitatcw  Carbonates  of  alkalies  throw  down  a  white  precipitate,  whidi 
is  a  true  earbonate  of  cadmium.  Hydrosu^hurie  acid  throws  down  a  yellow  precipi- 
tate, the  sulphnret  of  cadmium ;  md  alkaline  hydrasulphates  produce  the  same  result. 
Sulphuret  of  cadmium  is  not  soluble  in  excess  of  the  alkaline  hydrosulphate,  a  quality 
whieh  distinguishes  it  from  the  sulphuret  of  azsenir.  The  salts  of  cadmium  merit  no 
individual] 
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Stittory  and  Natural  ^wfor^.— This  metal  occurs  in  yery  few  localities,  but  it  there 
exists  in  considerable  quantities.  Tin  has  been  known  from  periods  of  very  high  an- 
tiquity ;  some  of  our  present  Cornish  stanniferous  districts  having  been  worked  by  the 
Phoenicians.  The  purest  tin  is  obtained  from  Malacca,  but  large  quantities  are  obtained 
from  the  mines  and  atream-wotks  of  Cornwall  and  Berondiire.  How  long  the 
Phoenicians  enjoyed  exdusiyely  this  commcroe  is  not  easily  determined ;  but  in 
the  days  of  Herodotus  tiie  Greeks  fq»pear  to  have  been  aoquainted  with  the  tin 
countries  by  name  only.  They  knew  that  the  tin  witii  which  they  were  supplied 
by  the  Fhosnictan  mcnrohants  came  originally  from  the  Cassiteirides,  tlie  nasne  by 
which  they  knew  these  islands ;  and  Strabo  reports  them  to  have  been  so  determined 
to  conceal  whence  they  derived  the  metal  from  other  nations,  that  the  master  of  a 
Phoenician  vessel  who  suspected  that  a  Boman  vessel  was  Ibllowing  him  for  the  pur- 
pose of  discoverii^  his  secret,  chose  to  run  his  ship  ashore  and  suiter,  shipwreck 
rather  than  permit  his  track  to  be  discovered.  In  process  of  time,  however,  the  Greeks 
of  Marseilles  obtained  a  cbnsiderable  portion  of  this  trade,  and  tin  was  the  chief 
commodity  they  exported  from  Britain.  In  due  course  the  Bomans  also  discovered 
the  tin  countries ;  and  some  time  belbire  the  first  Funic  War,  Publius  Crassus  was 
sent  to  make  a  report  on  the  tin  mines,  which  constituted  a  branch  of  commerce 
between  the  natives  of  this  island  and  the  Phoenicians  and  Greeks  many  centuries 
before  the  commencement  of  the  present  era.    The  principal  tin  ore  is  the  binoxide, 

Fr€p«rtiee,-^la  physical  appearance  tin  much  resembles  silver.  It  is  very  malle- 
able, spreading  under  the  hammer  into  a  sheet,  but  cannot  be  drawn  into  a  wire. 
It  fiises  at  about  450°  Fahrenheit,  and  does  not  tarnish  by  exposure  to  the  air.  Tin 
readily  dissolveB  in  hot  hydrochloric  acid,  hydrogen  gas  being  evolved,  and  protochlo- 
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ride  of  tm  remaining  in  solution.  In  dilute  sulphuric  acid  it  alse  diBsolyes,  but  not 
readily ;  strong  and  hot  oil  of  vitriol  diasolyes  it^  with  the  evolution  of  sulphuroua  acid 
and  the  formation  of  sulphate  of  oxide  of  tin.  The  strangest  hydrate  of  nitrio  acid  (mo- 
nohydrate)  does  not  act  upon  tin ;  but  if  diluted  to  the  slightest  extent  violent  action 
takes  place,  copious  fumes  of  nitrous  and  hyponitrous  acid  are  evolved,  and  the  tin  is 
converted  into  stannic  acid— sometimes  called  binoxide,  or  peroxide  of  tin.  Nitro- 
hydrochloric  acid  dissolves  tin,  and  yields  solution  of  the  perohloride. 

Oxides  of  Tin, 
Two  of  these  are  well  known,— the  protoxide  and  the  binoxide,  otherwise  called 
the  peroxide  of  tin,  or  stannic  acid. 

Protoxide  of  Tin, 
Preparation, — (1)  By  adding  carbonate  of  ammonia  to  a  solution  of  protochloride 
of  tin,  the  white  hydrate  of  the  protoxide  of  the  metal  is  thrown  down ;  and  if  this  be 
boiled,  its  water  of  hydration  is  evolved,  and  it  changes  to  the  black  anhydrous 
protoxide.  The  protoxide  generated  by  this  operation  rapidly  attracts  oxygen  by 
exposure  to  air,  and  is  converted  into  binoxide. 

(2)  By  adding  caustic  potash,  or  soda,  to  solution  of  protochloride  of  tin,  a  white 
compound,  is  formed  of  the  hydrated  oxide  and  the  alkali.  Boiling  .decomposes  this 
compound,  and  generates  anhydrous  black  protoxide  of  tin ;  which,  unlike  that  pre- 
pared by  the  operation  last  described,  is  stable  in  the  air  at  ordinary  temperatures. 
Flame  ignites  it,  however ;  when  it  bums  vividly,  and  is  converted  into  peroxide. 

(3)  If  ammonia  be  added  to  prbtochloride  of  tin,  the  mixture  boiled  and  evapo- 
rated, decomposition  ensues,  and  protoxide  of  tin  is  thrown  down  in  the  condition  of 
red  powder. 

Hydrated  protoxide  of  tin  acts  the  part  of  a  feeble  acid,  and  combines  with  various 
bases,  especially  the  fixed  alkalies. 

Binoxide f  or  Peroxide  of  Tin  {Stannie  Aoid), 
StricUy  speaking  there  are  two  isomeric  modifications  of  this  compound ;  both  are 
sometimes  comprehended  under  one  name,  but  occasionally  are  distinguished  as  etannie, 
and  metastatmie  acid.  Stannic  acid  is  prepared  by  treating  metallic  tin  with  strong 
nitric  acid ;  metastannio  acid  is  generated  by  the  addition  of  water  to  perohloride  of 
tin,  when  decomposition  ensues  and  metastannio  add  is  deposited.  Native  binoxide  of 
tin  is  the  metastnanic  acid  variety.  Both  stannic  and  metastannio  acids,  after  ignition, 
yield  the  same  result,  which  may  be  distinguished  by  the  name  of  peroxide  of  tin ;  it 
is  a  lemon-yellow  powder,  having  acid  properties,  and  combining  readily  with  alkalies. 

Chloridee  of  Tin. 
There  are  two  chlorides  of  tin,-*the  protochloride  and  the  perohloride. 

Pretoehioride  of  Tm, 
Reparation. — By  dissolving  tin  in  hydrochloric  acid,  solution  of  protochloride  is 
obtained;  and  by  evaporating  the  latter,  a  crystalline  hydrate  of  the  protochloride  is 
generated,  holding  3  equivalents  of  water.  Anhydrous  protochloride  of  tin  is  generated 
by  '^'M^mtig  a  mixture  of  calomel  and  powdered  tin. 

Perehloride  or  BieMoride  of  Tin, 
Preporatum, — (1)  By  transmitting  a  current  of  dry  chlorine  over  powdered  tin 
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until  absorption  of  the  chlorine  no  longer  takes  place,  adding  a  little  powdered  tin  to 
the  result,  for  the  purpose  of  remoying  free  chlorine  and  distilling. 

(2)  By  distilliag  one  part  of  powdered  tin  and  five  parts  of  corrosive  sublimate. 

Propertiea, — ^Bichloride  of  tin  is  a  thin  colourless  liquid.  It  was  known  to  the  alche- 
mists, and  called  "  fuming  liquor  of  Libayius."  Heated  to  248°  Fah.  it  boils,  and 
sublimes.  The  density  of  this  substance  is  2'28,  and  the  density  of  its  vapour  is  9*2. 
It  has  a  great  tendency  to  unite  with  water  and  form  hydrates,  one  of  which  is  crystal- 
lisable,  and  holds  five  equivalents  of  water ;  consequently  its  formula  is  SnClj  +  ^HO. 
When  heated,  per-chloride  of  tin  is  decomposed,  hydrocUoric  acid  being  evolved,  and 
metastannic  acid  remaining. 

Tin  with  Sulphur— Suiphurets  of  Tm. 

Two  combinations  of  sulphur  with  tin  are  known,— *the  protosulphuret  and  the 
bisulphuret, 

JProtosulphuret  of  Tin. 

Tireparation. — (1)  A  mixture  of  tin  filings  with  sulphur  is  heated  in  an  earthenr- 
ware  crucible  when  combination  ensues,  but  the  result  contains  excess  of  tin.  To  free 
it  from  this  it  is  powdered,  mixed  with  a  further  amount  of  sulphur,  and  again  exposed 
to  heat. 

(2)  Protosulphuret  of  tin,  in  the  hydrated  condition,  is  formed  when  a  current  of 
hy  drosulphurio  acid  is  passed  through  a  solution  of  protochloride  of  tin. 

Froperties. — ^Anhydrous  protosulphuret  of  tin  is  a  gray,  crystalline  body.  The 
hydrated  protosulphuret  is  a  dark  brown,  almost  black  powder. 

Biaulphuret  or  Peraulphuret  of  Tin. 

iVi^^ara^Mm.—Bisulphuret  of  tin  (hydrated)  is  the  yellow  result  of  transmitting 
hydrosulphuric  acid  through  a  solution  of  perchloride  of  tin.  If  instead  of  hydrated 
perohloride  of  tin,  vapours  of  the  anhydrous  substance  be  transmitted  through  a  por- 
celain tube,  heated  to  dull  redness,  along  with  hydrosulphuric  acid,  anhydrous  ^^exMd- 
ride  of  tin  results  in  the  form  of  yellow  crystalline  scales.  This  material  is  called 
aurutn  mumumf  or  mosaic  gold,  and  is  of  frequent  application  in  the  arts.  When 
prepared  on  the  large  scale,  however,  the  following  process  is  adopted  :— an  amalgam 
of  12  parts  of  tin  and  6  parts  of  mercury  is  intimately  mixed  with  7  parts  of  flower  of 
sulphur  and  6  parts  of  sal  anmumiac  The  mixture  is  heated  in  a  long-necked  flask  by 
means  of  a  sand  bath,  up  to  the  temperstuxe  of  dull  redness.  Portions  of  sulphur  and 
of  sal-ammoniac,  sulphuret  of  mercury,  and  protochloride  of  tin  are  evolved,  leaving  the 
pure  bisulphuret  of  tin  in  the  flask.  The  use  of  the  sal-ammoniac  employed  in  this 
operation  is  to  prevent,  by  its  evaporation,  a  too  great  elevation  of  temperature. 

Charaeteriatiet  of  Salts  of  21m.— General  remarks.  Both  oxides  of  tin  act  the  double 
part  of  acids  and  bases,  but  the  acid  quality,  even  of  the  protoxide  of  tin,  predominates. 
Solutions  of  tin  may,  therefore,  come  under  the  notice  of  the  chemists  as  protosolutions 
and  persolutions,  and  these  may  again  be  sub-divided  into  tin-acid  and  tin-basic 

Speeial  Charaeteristies  of  Prdtotolutions  of  jTwi.—Of  this  class  of  bodies,  solution  of 
protochloride  may  be  taken  as  the  most  convenient  type— it  illustrates  the  following 
characteristics: — 

(1)  Solutions  of  caustic  potash  and  soda  yield  a  white  hydrate  of  the  oxide 
soluble  in  excess  of  the  precipitant. 
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(2)  Ammonia  and  its  carlKMuite,  also  carbonates  of  the  fixed  aUcalle%  yield  a  white 
hydrate  of  the  oxide,  imoluble  in  excess  of  precipitant. 

(3)  Hydrosulphuric  acid,  and  the  hjdroaulphates,  yield  a  Uack  precqtitaitey — ^the 
hydrated  protosulphuret  of  tin. 

The  preceding  remarks  are  common  to  all  foJnble  protosalts  of  tin,  in  additioa  to 
which  the  protochloride  has  two  remarkable  duuiiAteristics  of  its  own ;  mixed  with 
chloride  of  gold  it  yields  a  purple  precipitate,  much  used  in  the  art  of  porcelain 
painting,  snd  known  as  the  purple  powder  of  CatMua,  and  added  to  a  salt  of  mercury 
it  reduces  the  latter  to  a  lower  degree  of  oxygenation,  or  takes  from  it  all  the  oxygen, 
yielding  metallic  mercury  according  to  the  nature  of  the  mercury  salt  and  the  q^uantity 
of  protochloride  employed.  Thus,  if  bichloride  of  mercury  (corrosive  sublimate)  be  the 
subject  of  experiment,  it  is  first  jwdiieed  to  calomel  (pvotoeUoride),  and  this  latter  is 
finally  reduced  to  the  condition  of  metallic  mercozy. 

Special  Charaeterietiee  ofPerealU  of  Tin, 

(1)  The  caustic  fixed  alkalies  throw  down  a  white  hydrate,  soluble  in  excess  of 
tile  predpitant. 

(2)  AnmioBia  throws  down  the  same  Irydrate,  but  fnsoltible  in  excess  of  pre- 
efpitant. 

(3)  Solutions  of  carbonated  fixed  alkalies  throw  down  a  white  hydrate,  fljightly 
soluble  in  ejtcess  of  preeipituit. 

(4)  Solution  of  carbonate  of  ammonia  throws  down  a  white  hydrate,  instable  In 
exoess  -of  precipitant. 

(5)  Hydrosulphuric  acid  thFOWB  down  a  yeHow  precipitate,  I3te  hydrated  biaal- 
phuret;  insoluble  in  excess. 

(6)  The  alkaline  hydrosulphates  throw  down  the  same  hydrated  bisulphuret;  sduble 
in  excess  of  precipitant. 

iZAMTibf .— The  ydlow  edloiir  of  the  pracipitate  tinown  dows  fieoni  soliiAioBs  of  the 
bichlnride  of  tin  by  hydrosnlphttrio  acid  and -Ae  hydrosulphates  neriti  ei^ecial  attan* 
tiaiv  as  being  «f  a  andlar  eohmrto  iSie  peeeipifcate  yielded  by  arsenicai  solutinDs  treated 
In  tiie  same  auaner.  Two  metals  only  of  tiMse  which  have  already  eome  «nder  mr 
notioe  funiah  yaUow  preeipitBtes,  with  hydfosalphnrio  acid  v^  tiie  hydxtoeidphatea. 
They  are  ciadminm,  and  tin  in  ike  state  of  perchloride,  andaome  oli&er  Imibs  of  per- 
eomhuMtion.  fikreaftar  it  wiUheseea  that  aohitioaBofanenioiisacidalsefocDlah  a 
yellow  pvedfatate,  with  the  same  xe*agents.  Some  dramiats  inokide  antimony  in  1^ 
list  of  metals  wlddh  afford  la  ydlow  preeipdtete,'  with  hydrorolphurie  acid  and  the 
hydioflvlphates.  Stdetly  spealdnfi^  howfffer,  the  tiat  of  this  latter  is  orange-red ;  but 
inasmach  as  it  may  cooDt  Hat  jiSkiw  in  certun  eoloured  solations,  wo  may  m  w"^ 
include  antimony  in  the  list  of  metals  fiuadshing  yellow  preeipitatet  witii  hydoV' 
Bolphiui^  acid  and  the  liy  drofoaphatas. 


19q[idTaient  or  atomic  weight  .        •       .        .25 
Speoifio  grayity      • ? 

Tins  metal  is  found  in  nature  as  a  constituent  of  titaniferons  iron,  and  In  th£  farm 
of  a  mineral  called  ruHUy  which  latter  is  titanic  acid  almoBt  pnxe ;  it  «xist^  moiwyery 
in  several  other  minerals,  but  iu  small  quantity. 
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Prttpara^Mf}.— Metallic  titanium  xnaj  be  obtained  in  the  laboratory  by  beating  the 
perxihloride  of  titanium  in  a  glafls  flask,  and  passing  into  it  a  current  o^  ammoniacal 
gas.  The  ammonia  combines  with  the  perchloride  of  titanium,  and  forms  a  pulyer- 
ulent  substance.  The  flask  now  being  surrounded  with  burning  charcoal,  sal- 
ammoniac  sublimes,  and  metallic  titanium  remains  in  the  form  of  littlA  globules. 

Properties.—TitBmum,  thus  prepared,  is  somewhat  easily  attacked  by  acids,  whereas 
titanium  which  occurs  as  a  casual  result  in  iron-smelting  furnaces,  is  not. 

Combinations  of  Titanium  with  Oxygen.  —  Of  these  bodies  three  are  known ;  the 
protoxide,  sesquiozidc,  and  titanic  acids.    Their  xespectire  e3vpositian  is  as  follows : 

BrotocULeoftitaalum TiO 

Sesquiozide        .        .        .        .        .        .        .    H  Os 

Titanioamd TiO, 

Of  the  preceding  bodies,  tUaaic  acid  is  the  most  in^ortant. 

Fr^aration. — ^Pulverised  titanite  haying  been  mixed  with  carbonate  of  potash  and 
fused,  the  result  is  treated  with  water,  by  which  means  all  excess  of  alkali  is  removed. 
The  residue  is  now  dissolved  in  hydrochloric  acid  mixed  with  water  and  boiled^  when 
titanic  acid  precipitates. 

Properties. — ^Titanic  acid  is  a  white  powder,  soluble  in  acids,  with  which,  however, 
it  does  not  form  permanent  salts,  the  acid  solutions  [being  decomposed  by  boiling,  as 
we  have  seen  already  in  the  preparation  of  titanic  acid.  These  characteristics  of 
titanic  aoid-HMDMly,  its  sQ^bility  in  aeid  irhsm:  fmhiy  pcopirad-*4)ut  easy  decom- 
position of  the  acid  sdution,  assimilate  titaaic  aoid  to  silioa. 

Protoxide  of  Titaniitm, 

When  Utsnie  aoid  i»  stroi^s^  heated  la  a  chavcoai-lined  iiimace  it  loses  <Mcygen, 
and  i»  converted  into  a  Uaek  pow4er,  wMeh  Qhemtats  ior  tii«  [most  part  regard  as 
protoxide  4if  laUmnnL 

When  titanic  acid  is  strongly  heated  in  a  current  of  hydrogen  gas  it  is  con- 
verted into  a  black  powder,  which  is  considered  to  be  sesquioxide  of  titanium.  This 
onde  in  a  hydrated  condition  precipitates,  when  ammonia  is  added  to  a  solution  of 
the  sesquiohloride  of  the  metal. 

TiUmiwn  and  CJdorme^Chloridgs  4if  TiUatiuiBi, 
Two  chlorides  of  titanium  are  known ;  the  >  sesquidhkvide  corresponding  with  the 
sesqoioxide,  and  the  iiehioiidfl!,  ^i^iiich  -eosrtsponds  with  tttomie  add,  and  which  is, 
thercfiNV,  the  bic])}oride. 

Preparaiion.-^kTL  intimate  mixture  is  effected  of  titanic  acid  and  carbonaceous 
matter,  tiie  whole  is  placed  in  a  tubulated  retort,  and  a  current  of  dry  chlorine  gas  is 
liberated  upon  the  mixturop  lieaited  by  means  of  a  tube  passing  through  the  tubulure  of 
the  retort ;  a  full  red  lieajt  is  necessary  for  conducting  the  operation.  Chloride  of 
titanium  passes  over  in  tiie  condition  of  a  volatile  colourless  liquid,  and  musH;  be 
condensed  in  a  receiver,  surrounded  by  a  freezing  mixture.  It  combines  vielentiy 
with  water,  behaving  like  the  t)icliloride  of  tin  similarly  treated. 
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Sesqmehloride  of  TUanium. 

Preparation. — By  transmitting  hydrogen,  saturated  with  the  yapour  of  bichloride 
of  titanium,  through  a  red-hot  porcelain  tube. 

ProperHet, — ^A  crystalline  yiolet-tinted  material,  very  deliquescent,  and  forming  a 
yiolet  or  red  solution  with  water.  The  most  prominent  characteristic  of  the  sesqui- 
chloride  of  titanium  is  its  powerful  reducing  quality.  It  precipitates  gold,  sUver,  and 
mercury  £rom  their  solutions  in  the  metallic  state,  and  reduces  copper  solutions  to  the 
minimum  state  of  oxydation.  In  like  manner,  it  decomposes  sulphurous  acid  with  the 
liberation  of  sulphur.  This  latter  agency  is  especially  remarkable,  sulphurous  acid 
itself  being  a  powerful  reducing  body,  separating  oxygen  from  many  substances,  and 
employed  practically  for  the  purpose  in  question. 

General  CharaUeristiet  of  Titanium  and  its  Compounds, — The  similaiity  which  titanic 
acid  bears  to  siUca  has  already  been  pointed  out ;  in  certain  respects  titanium  bean  a 
relationship  %>  tin,  as  will  be  seen  on  a  comparison  of  the  stanniferous  with  the 
titaniferous  compounds.  The  two,  however,  admit  of  being  readily  distinguished  by 
the  following  blowpipe  characteristics  : — Tin  compounds,  when  mixed  with  Charcot 
and  carbonate  of  soda,  and  heated  in  the  blowpipe  flame,  yield  metallic  tin ;  whereas 
titanium  compounds  mixed  with  borax,  and  heated  in  the  oxidising  part  of  the  blow- 
pipe flame,  yield  a  colourless  glass,  becoming  at  once  blue  when  acted  on  by  the 
reducing  flame. 

TANTALUM,  TAirTALIUlC,  OR  CfOLTTMBnTM,  NIOBIUM,  ILMBNIUM,  AND  PBLOFIUM. 

These  metals  are  amongst  the  curiosities  of  mineral  chemistry ;  yery  little  con- 
cerning them  is  known,  and  they  have  hitherto  been  procured  in  quantities  so  small 
that  the  study  of  their  chemical  relations  is  yery  incomplete. 

TantaUum  was  disooyered  by  Mr.  Hatchett  in  1801,  in  a  mineral  brought  from 
America;  he  therefore  gaye  the  name  of  Oolumbium  to  the  extracted  metal.  In  the 
year  1802,  the  Swedish  chemist  Ekeberg  rediscovered  the  metal  in  a  Swedish  mineral, 
not  being  aware  of  what  Hatchett  had  aoeompliahed.  Subsequently,  Dr.  WoUaston 
proved  fj^tifAliiim  and  columbium  to  be  identical. 

Kiobium  and  Pelopium  were  both  discovered  by  Heinrich  Bose  in  the  year  1846, 
and  Ilmenium  by  Herrmann  in  1847.  All  these  metals  are  found  associated  with  tan- 
talium,  in  the  Swedish  mineral  yttro-tantaUte. 

LEAD. 

Equivalent  or  atomic  weight    .        .        .    1037 
Speoiflc  gravity 11*445 

It  is  unnecessary  to  state  that  lead  is  a  very  useful  and  abundant  metal,  that  it  is 
largely  used  in  the  arts  and  manufactures^  and  extracted  from  its  ores  with  fiusility. 
Commercial  lead,  however,  is  never  pure ;  a  very  general  impurity  being  silver,  besides 
which  there  are  others.  The  presence  of  portions  of  silver  in  lead  too  inconsiderable  to 
render  its  extraction  remunerative,  materially  lessens  the  value  of  lead  for  many  pur- 
poses, more  especially  those  of  gold  and  silver  assaying,  in  the  course  of  which  pure 
lead  i&  employed,  as  will  be  seen  hereafter,  when  these  metals  are  treated  of. 

Preparation  of  Lead  (chemically  pure).— When  crystallized  nitrate  of  lead  is  decom- 
posed by  heat,  pure  oxide  of  lead  remains,  and  the  latter  if  mixed  with  charcoal  and 
sugar  into  a  paste,  dried,  and  heated  in  a  crucible  lined  with  charcoal  yields  pure 
metallic  lead. 
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Fropertiea. — The  physical  properties  of  lead  are  well  known,  amongst  which  4ts 
softness  is  most  conspicuous.  In  proportion  as  lead  is  unmixed  with  other  metals,  so  is 
it  more  soft.  The  malleability,  ductility,  and  ready  fusibility  of  this  metal  are  so  well 
known,  that  these  properties  require  no  comment.  The  temperature  at  which  lead 
fuses  is  about  635''  Fah. 

Lead,  when  absolutely  clean,  is  a  somewhat  brilliant  metal,  but  it  easily  tarnishes 
by  exposure  to  atmospheric  influences ;  becoming  covered  with  a  superfioial  layer  of 
oxide,  and  oxide  mixed  with  carbonate  of  lead.  This  change  is  greatly  facilitated  by 
the  conjoined  agency  of  moisture  and  carbonic  acid.  The  superficial  crust  of  lead  oxide 
formed  under  these  circumstances  has  been  much  studied,  in  relation  to  the  action 
upon  it  of  water.  Pipes  of  lead,  and  cisterns  of  that  metal,  are  so  commonly  employed 
for  the  conveyance  and  retention  of  water,  that  it  is  eminently  necessary  to  determine 
the  conditlonfl  under  which  their  employment  is  safe,  or  the  contrary.  The  following 
is  a  summary  of  the  chief  facts  which  have  been  made  out  in  relation  to  this  subject : — 
Water  absolutely  pure,  that  is  to  say,  free  firom  air  as  well  as  solid  impurities,  does  not 
dissolve  lead.  Such  is  the  expression  of  a  chemical  fact ;  but  the  cqjiditions  are  almost 
impracticable.  They  may  be  secured  for  the  purposes  of  demonstration,  but  do  not 
admit  of  being  applied  in  practice,  inasmuch  as  water  no  sooner  comes  in  contact  with 
atmospheric  air  than  a  portion  of  the  latter  is  dissolved,  when  the  water  thus  charged 
attacks  lead  with  facility,  as  may  be  demonstrated  by  steeping  a  piece  of  lead  in 
distilled  water,  when  speedily  the  liquid  will  be  found  to  contain  traces  of  lead  by  the 
evidence  of  tests  for  that  metal, — ^more  especially  hydrosulphuric  acid.  If^  however, 
instead  of  pure  water  charged  with  atmospheric  air,  water  holding  a  little  saline  matter 
be  employed,  its  power  of  dissolving  lead  will  be  found  either  to  have  vanished 
altogether,  or  to  have  much  diminished,  according  to  the  quantity  and  the  nature  of 
the  impurities  in  question.  Practically,  then,  the  deductions  are  these : — Distilled 
water  must  on  no  account  be  passed  through  leaden  pipes  or  stored  in  leaden  cisterns ; 
neither  must  rain  water,  approaching,  as  it  does,  more  nearly  to  the  condition  of  abso- 
lute purity  than  any  other  kind  of  water  naturally  existing.  River  water  may 
generally  be  brought  into  prolonged  contact  with  lead  without  fear  of  danger,  and  so, 
in  the  majority  of  instances,  may  spring  water ;  but  there  are  exceptions.  Some  kinds 
of  spring  water  are  so  remarkably  free  from  contaminations  that  they  act  upon  lead. 
Before  adopting  lead  to  the  purposes  of  water  retention,  it  is  well  to  try  the  effect  of 
steeping  lead  in  a  portion  of  the  water  during  some  days,  and  testing  the  fluid  for 
lead.  In  aU  cases  involving  the  solution  of  lead  by  water,  the  process  of  solution  goes 
on  at  the  line  of  the  water  level,  and,  consequently,  at  the  line  where  air  and  water 
simultaneously  act. 

Combinations  of  Oxygen  with  Lead — Oxides  of  Lead, 
Three  combinations  are  known  of  oxygen  with  lead.    They  are  the  suboxide,  the 
protoxide^  and  the  binoxide.     The  latter  is  sometimes  denominated  pltmbie  acid.     In 
addition  to  these  oxides,  the  binoxide,  as  acid,  combines  with  the  protoxide  as  base, 
and  forms  one  or  more  intermediate  oxides,  or  rather  lead  salts. 

Suboxide  of  Lead, 
Preparaium,-^Bj  heating  oxalate  of  lead,  at  a  temperature  of  about  570"  F.,  until 
no  further  gas  is  disengaged.    In  some  chemical  treatises  the  suboxide  of  lead  is  con- 
sidered to  be  a  mixture  of  metallic  lead  and  protoxide  of  the  metal,  an  opinion  which 
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cumot  be  reoonciM  witii  the  faet  tbat  quidcsilTer  tritmated  with  the  oxide  does  not 
A  iynlyft  tKft  nnaDagt  parijek  of  lead,  which  it  wodLk  do  if  the  ktter  emted.  Itsoom- 
poflitioii  ie  indicated  by  the  lonnila  Pb^O. 

Frotoxide  oflAod, 
iV^^ero^ion.— (1)  By  calciTimg  the  nitrate  or  the  carbonBte  of  IbmL 
(2)  By  adding  adatioii  of  aiMnonia  to  a  aolutMin  of  any  protondt  of  lead. 
The  result  of  the  first  operation  is  anhydrous  protoxide  of  lead,  that  of  the  seeond 
operation  is  usually  hydrated  oxide  of  lead ;  but  if,  after  the  addition  of  ammonia,  the 
solutLDn  be  eraporated,  protoxide  of  letd  separates  in  the  anhydrous  condition* 

Prop^r^iM.— Hydrated  protoxide  of  lead  is  a  white  powder ;  anhydrous  protoxide  of 
lead  is  either  red  or  yellow,  aec<M>ding  to  the  temperature  at  whidi  it  has  been  pre- 
pared. Anhydrous  protoxide  of  lead  u  produced  on  the  large  scale,  and  applied  to 
many  purposes  in  the  arts  and  manufactures.  When  completely  fused  it  is  called 
litharge,  but  when  the  heat  employed  in  generating  it  has  been  less  intense,  so  that  it 
remains  pulyerulei^,  the  term  massicot  is  applied.  Ptotoxide  of  lead,  though  readily 
uniting  with  acids,  and  forming  w^-defined  salts,  is  itself  an  add;  readily  oombining 
with  potash,  soda,— -even  ammonia,  and  many  of  the  earths,  more  e^edaUy  baryta, 
strontia,  and  lime.    Its  composition  is  indicated  by  the  foommla  PbO. 

BifioxUs  of  Lead,  or  Plumiifi  Aeid, 

Pr^jMireMMW,— >(1)  By  digesting  minium,  or  red  lead,  which  may  be  denominated 
chemically  phmbate  ofprotoxidt  of  lead^  with  weak  nitiie  acid,  when  protoxide  of  lead 
is  dissdyed,  protomtrate  of  lead  formed,  and  binoxide  of  lead  isolated. 

(2)  By  transmitting  a  current  of  chlonne  through  protoxide  of  lead  su^ended  in 
water.  

(S)  By  pouring  an  alkaline  hypoohlerite  into  a  boiling  solution  of  acetate  of  lead. ' 

The  seeond  and  third  of  these  processes  yield  binoxide-of  lead  simultaneously  with 
a  yariable  portion  of  chloride  of  lead ;  and  the  latter,  as  we  shall  presently  learn,  is  a 
somewhat  insoluble  substance.  Hence,  the  binoxide  of  lead  prepared  by  either  of  Iheee 
processes  must  be  oo^oosly  washed  with  boiling  water,  to  e£Eect  the  remoral  of  the 
chloride. 

Properties. — ^A  puce-coloured  powder,  whicii  does  not  combine  with  acids,  thus 
demonstrating  the  absence  of  basic  quality,  but  whidi  readily  combines  with  potash, 
soda,  lime,  baryta,  strcmtia,  and  some  other  bases,  forming,  in  many  eases,  weU-defined 
erystaUine  salts.  The  most  leading  characteristic  of  Idnoxide  of  lead  is  dependent  upon 
the  facility  with  which  it  yields  up  oxygen  to  substances  having  an  affinity  for  that 
element.  For  example,  if  mixed  with  an  aqueous  solution  of  sulphurous  acid  or  the 
dry  gas,  it  at  once  couTcrts  the  latter  into  sulphuric  acid,  and  is  itself  reduced  to  pro- 
toxide of  lead,  which  immediately  combining  witii  the  sulphuric  acid  generated,  forms 
sulphate  of  protoxide  of  lead.  By  this  means  solphnrous  add  may  be  s^arated  fitim 
other  gases. 

Salts  containing  Protoxide  of  Lead  as  Base— Sulphate  of  Lead, 
Preparation.^DilvLte  sulphuric  acid  does  not  act  upon  lead,  either  hot  or  cold ,  but 
concentrated  sulphuric  add,  when  boiled  with  lead,  first  conyerts  the  metal  into  pro- 
toxide with  the  liberation  of  sulphurous  add,  and  finally  unites  with  the  protoxide, 
girimg  rise  to  sulphate  of  protoxide  of  lead,  more  usually  designated  m^thate  of  leeui. 
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Sulphate  of  lead  may  also  be  g^ierated  by  the  addition  of  sulphuric  acid,  or  a  soluble 
sulphate  to  any  protosalt  of  lead. 

Propn-iiea^^A.  white  powder,  nearly  insoluble  in  water,  but  slightly  Boiuble  in  acid 
liquors,  especially  sttdi  as  contain  sulphuric. aeid.  Boiling  hydrochl<nic  acid  decom* 
poses  it,  and  generaltes  chloride  of  lead.  Sulphate  of  lead  cannot  be  decomposed  by 
heat  alone,  but  if  ignited  in  contact  with  carbonaceous  matter,  in  close  yessds,  it  loses 
oxygen  and  becomes  sulphuret,  or  sulphide  of  lead.  Sulphate  of  lead,  diffused  through 
water  slightly  acidulated  with  sulphuric  acid,  is  at  once  decomposed  by  contact  with 
iron  or  xinc :  boiling  solutions  of  carbonate  of  potash,  or  of  soda,  also  decompose  it, 
with  the  formation  of  carbonate  of  lead,  and  sulphate  of  the  alkali. 

Preparation. — ^By  digesting  litharge  with  nitric  acid,  or  by  acting  upon  metallic 
lead  with  the  same  acid.  In  eilher  case  the  acid  must  be  in  excess,  otherwise  a  basic 
or  subnitrate  of  lead  is  formed ;  the  tendency  to  generate  basic  or  subsalts  being  a 
characteristic  of  the  protoxide  of  lead.  The  solution  obtained,  as  described,  being 
evaporated  and  set  aside  to  crystallize,  deposits  crystals  of  nitrate  of  lead. 

Aeeiates  of  Lead. 

There  exist  several  acetates  of  lead ;  one  neutral,  and  the  remainder  basic,  or  sub- 
acetates. 

I^entral  Acetate  of  Lead. 

Pr^aration.'-^'Bj  boiling  litharge  with  dilute  acetic  acid  (vinegar),  taking  care  that 
the  acid  be  always  in  excess;  and  crystallizing  by  slow  evaporation.  Crystals  of 
acetate  of  lead  contain  three  equivalents  of  water ;  hence  their  composition  is  eiqpressed 
by  the  formula  PbO.  C4HL3O3  +  3H0. 

Properties. — ^Acetate  of  lead  has  a  sweet  taste,  hence  the  popular  name  wffor  of  lead. 
It  readily  dissolves  in  water,  and  its  solution  exposed  to  the  air  absorbs  caibonic  acid, 
giving  rise  to  the  formation  of  carbonate  of  lead.  Crystals  of  acetate  of  lead  evolve 
the  whole  of  their  water  in  vacuo,  and  also  when  heated  to  212°  F. 

Subacetatesy  or  Basic  Acetates  of  Lead. 

The  best  known  of  these  bodies,  as  also  the  most  important,  is  th«  tris,  or  triacetate, 
formed  by  dissolving  neutral  acetate  of  lead  in  water,  and  boiling  the  solution  with  an 
amount  of  litharge  equal  to  the -weight  of  oxide  contained  in  the  original  acetate.  The 
formula  of  this  acetate  is  3PbO.  C^Rfi^  +  HO.  When  dissolved  in  water  it  consti- 
tutes the  well-known  Gotdard^s  Extract,  employed  in  surgical  and  medical  practice. 

All  the  acetates  of  lead,  but  more  especially  the  basic  acetates,  have  the  property  of 
combining  with  certain  vegetable  colouring  matters,  and  forming  somewhat  insoluble 
precipitates.  A  good  illustration  of  this  property  is  furnished  by  common  yellow  or 
muscovado  sugar.  If  this  substance  be  dissolved  in  water,  the  solution  heated  to  about 
120''  F.,  and  Goulard's 'solution  added,  *a  detise  flbccul&nt  precipitate  forms;  and  the 
sugar  remaining  in  solution  is  almost  freed  from  colouring  matter;  but  it  is  still 
contaminated  with  lead.  The  latter,  however,  nfay  be  effectually  sepaiated,  even  on  a 
large  scale,  by  a  stream  of  sulphurous  acid.  Taking  advantage  of  this  property,  I 
some  years  since  introduced  subacQ^e  of  lead  as  a  purifying  agent  in  sugar  refineries, 
using  sulphurous  acid  to  remove  all  excess  of  lead. 
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Chloride  of  Lead. 

Freparation. — By  adding  hydrocliloric  acid,  or  any  soluble  chloride,  to  a  soluble 
salt  of  lead ;  or  by  digesting  protoxide  of  lead  with  hydrochloric  acid. 

Fropertiet.'^A  white  powder,  somewhat  crystalline,  soluble  in  135  parts  of  cold 
water,  but  considerably  more  soluble  in  hot  water. 

Carbonate  o/Leadf  or  JFhite  Lead. 

This  important  substance  is  well  known,  owing  to  its  employment  as  a  white  pig- 
ment. Notwithstanding  its  quality  of  becoming  black  by  exposure  to  atmospheres 
containing  hydrosulphuric  acid  or  hydrosulphate  of  ammonia,  and  the  dangerous  results 
of  handling  it  continuously,  no  other  preparation  has  been  found  competent  to  take  its 
place. 

Carbonate  of  lead  may  be  readily  made  by  bringing  a  solution  of  acetate  of  lead  in 
contact  with  a  soluble  carbonate,  or  gaseous  carbonic  add,  pure  or  mixed.  On  the 
large  scale,  there  are  several  processes  of  manufacturing  it,  which  the  limits  of  this 
volume  will  not  permit  me  to  describe. 

General  Charaeteristiee  of  Lead  Salts. 

Sulphuric  acid,  or  soluble  sulphates,  throw  down  a  white  precipitate,  quite  insoluble 
in  watery  sulphate  oflead,  the  qualities  of  which  hare  already  been  described. 

Hydrochloric  acid,  or  solution  of  chloride,  throw  down  the  chlpride  of  lead  nearly 
insoluble  in  cold  water. 

Hydrosulphuric  acid  and  hydrosulphate  of  ammonia  throw  down  a  black  pre- 
cipitate. 

Iodide  of  potassium  throws  down  the  yellow  iodide  of  lead. 

Soluble  chromates  and  bichromates  throw  down  the  yellow  chromate  of  lead. 

Ammonia,  carbonate  of  soda,  potash,  and  ammonia,  all  throw  down  a  white  pre- 
cipitate insoluble  in  excess. 

BISMUTH. 

Equiyslient  or  atomic  weight 213 

Specific  gravity 9-9 

Properties — A  crystalline  metal,  white,  but  with  a  certain  tendency  to  redness,  and 
fusing  at  about  510°  Fah.  Bismuth  is  not  affected  by  exposure  to  dry  atmospheric 
air ;  but  if  the  air  be  moist,  its  surface  slowly  oxidises.  Nitric  acid  is  its  best  solvent ; 
hydrochloric  and  sulphuric  acid  attack  it  only.when  hot,  and  even  then  with  dijBicnlty. 

Bistr,utk  and  Oxygen — Oxides  of  Bismuth,  ^ 

Three  combinations  of  oxygen  with  bismuth^ are  known;  their  composition  is  as 
follows : — 

Bifmutli.     Oxygen. 

Oxide  of  bismuth' .2  3 

Peroxide  of  bismuth,  or  bismuthic  acid       ...    2  5 

Intermediate  ;^ oxide,  a  compound  of  bismuthic  acid 
with  oxide  of  ^bismuth 4  8 

Oxidelof\Bisfr.^h. 
The  per-centage  composition  of  oxide  of  bismuth  is  as  follows: — 
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Bismuth 89*86 

Oxygen 10-14 

100-00 
Some  chemists  regard  it  as  a  compound  of  one  equivalent  of  bismuth  plus  one^eqm- 
valent  of  oxygen ;  but  this  assumption  does  not  accord  with  the  analogies  of  the  oxide. 

Preparation, — (a).  Anhydrous  Oxide.— (!)  By  heating  the  metal  in  contact  with 
oxygen  or  atmospheric  air.  (2)  By  heating  one  of  the  basic  nitrates  of  bismuth. 
(3)  By  boiling  the  hydrated  oxide  next  to  be  described  with  solution  of  potash. 

(b),  Hydrated  Oxide.— "Sj  adding  solution  of  potash,  soda,  or  ammonia,  to  one  of 
the  basic  or  subnitrates,  and  not  heating  the  mixture ;  otherwise  the  anhydrous  oxide 
(see  above)  will  be  generated. 

Properties. — Anhydrous  oxide  of  bismuth  is  yellow ;  hydrated  oxide  white. 

Salts' of  the  Oxide  of  Bismuth. 

The  most  important  of  these,  and  the  only  ones  of  which  we  need  take  cognizance 
here,  are  the  neutral  nitrate  of  bismuth,  and  the  basic  or  sub-nitrates  of  bismuth,  its 
derivatives. 

Nitrate  ofSismuth  (netaral). 

Preparation.— By  digesting  metallic  bismuth,  or  its  oxide,  with  nitric  acid,  and 
evaporating. 

Properties. — A  colourless  crystalline  deliquescent  body,  having  the  composition  of 
BijOg  3  KO5  +  HO.  It  may  be  dissolved  in  a  small  quantity  of  water ;  but  when  the 
amount  of  water  added  is  considerable,  it  decomposes  into  a  solution  which  contains 
oxide  of  bismuth  combined  with  excess  of  nitric  acid,  and  which  is  consequently  a 
supemitrate,  and  a  white  precipitate  which  contains  oxide  of  bismuth,  with  less  nitric 
acid  than  is  found  in  the  neutral  nitrate ;  hence  it  is  a  sub  or  basic  nitrate  of  bismuth. 
The  exact  composition  of  the  resulting  super  and  subnitrate  of  bismuth  varies  accord- 
ing to  the  relative  amountof  water  added.  One  of  the  subnitrates  of  bismuth  (the 
trisnitrate)  is  used  in  medicine,  and  the  subnitrates  generally  are  employed  as 
cosmetics.  They  possess  the  disadvantage,  however,  of  blackening  by  exposure  to 
hydrosulphuric  acid  or  the  hydrosulphates. 

The  peroxide  ofbismuthy  or  bismuthie  acid,  merits  but  slight  attention :  it  is  prepared 
by  transmitting  chlorine  through  potash  solution  in  which  hydrated  oxide  of  bismuth 
is  suspended,  or,  still  better,  adding  solution  of  hypochlorite  of  soda  to  the  hydrated 
oxide,  and  boiling.  Peroxide  of  bismuth  is  a  brown  powder,  not  capable  of  uniting 
with  acids. 

General  Charaeteristies  of  Salts  of  Bismuth. 

(1)  Decomposition  by  the  addition  of  water.— We  have  already  seen  that  the  addi- 
tion of  water  to  nitrate  of  bismuth  decomposes  the  salt  into  supemitrate,  and  sub- 
nitrate.  All  salts  of  bismuth  participate  in  this  quality,  thus  furnishing  the  most 
striking  characteristic  of  the  metal ;  not  that  bismuth  stands  alone  in  this  respect,  but 
it  furnishes  the  most  conspicuous  example. 

(2).  Hydrosulphuric  acid,  and  hydrosulphates  throw  down  a  black  precipitate  not 
soluble  in  excess. 

(3).  Alkalies  and  their  carbonates  yield  white  precipitates  insoluble  in  excess  of 
precipitant. 

(4).  Copper,  iron,  or  zinc  immersed  in  a  solution  of  bismuthie  salt,  throw  down 
metallic  bismuth  as  a  black  powder. 
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Equivalent,  or  atomic  weight . 
Specific  gravity     ..... 


129 
6-8 


This  important  metal  is  chiefly  found  in  nature  as  a  sulphuret,  though  not  pure. 
The  commercial  designation  of  native  sulphuret  of  antimony  is  simply  antimony^ 
Trhereas  antimony  in  a  chemical  sense  is  termed  in  commercial  language  regtdus  of 
antimornf, 

Froperiiea. — Antimony  is  a  white,  crystalline,  exceedingly  hrittle  metal ;  it  melts 
at  a  heat  helow  redness,  volatilizes  at  a  white  heat,  and  has  a  specific  gravity  of  about 
6*8.  It  may  be  exposed  to  cold  atmospheric  air,  moist  or  dry,  without  oxidation,  but 
when  strongly  heated  it  crumbles  into  oxide.  Nitric  attacks  it  energetically,  binoxide 
of  nitrogen  being  liberated,  and  antimonio  add  (a  white  powder)  remaining. 

Combinations  of  Antimony  vnth  Oxygen^Oxides  of  Antimony  * 

Three  of  these  compounds  are  known :  oxide  of  antimony,  antimonious,  sikL  anti- 
monic  acids.  Many  chemists  regard  the  second  'as  a  combination  of  the  first  and 
third.  The  per  eentage  composition  of  these  oxygen  compounds  is  well  determined ; 
but  chemists  are  not  agreed  as  to  their  exact  atomic  constitution.  Some  consider 
oxide  of  antimony  to  be  composed  of  two  equivalents  metal  plus  three  of  oxygen,  and 
to  be  represented  by  the  formula  Sb^  O3 ;  others  believe  the  amount  of  antimony  como 
bined  with  the  three  of  oxygen  to  represent  one  atom.  Similarly,  antimonic  acid  may 
be  regarded  as  composed  of  Sb,  O5  or  Sb  Og,  and  antimonious  acid  may  be  regarded  as 
Sb3  O4  or  Sb  O4.  I  shall  adopt  the  latter  of  these  hypotheses — ^not  as  being  neces- 
sarily the  cozxect  one,  but  as  being  the  more  convenient. 

Oxide  of  Antimony — (Sb,  O3), 

JPrqMtrmtion,'~{l)  By  projecting  powdered  antimony  into  a  large  crucible  heated  to 
redness,  when  brilliant  oryBtaU  of  oxide  of  antimony  are  produce^  but  they  aie  liable 
to  be  contaminated  with  antimonious  acid.    A  better  process  is  the  foUoiwing : — 

(2)  By  pouring  gradually,  and  in  small  portions,  chloride  of  antimony  into  a  boil- 
ing solution  of  carbonate  of  soda.  Crystalline  anhydrous  oxide  of  antimony  is  by  this 
tieatment  thrown  down. 

Properti«s,-^A  grayish-white  substance,  which  fuses  at  a  red  heat,  and  volatilizea  at  a 
heat  short  of  full  whiteness.  "When  heated  in  contact  with  atmospheric  air^  nr  oxygea 
gas,  it  absorbs  the  latter  and  becomes  raised  to  the  condition  of  antimonious  acid.  Oxidei 
of  antimony,  notwithstanding  its  containing  the  mimmnm  of  oxygen,  is  rather  acid 
than  basic :  it  readily  unites  with  potash  and  soda,  fonning  true  salts,  wtiK^,  how^vsr, 
do  not  admit  of  crystallisation.  Both  sulphuric  and  nitric  acid  combine  with  oxide  of 
aatimeny  in  several  inropoitions,  but  the  resolting  salts  are  very  unstable,  and  haTe  not 
been  much  studied.  The  most  important  compound  is  tartar  emetie  (tartrate  of  anti- 
mony and  potash),  much  used  as  a  thenqpentiC' agent.  Tartar  enet^  may  be  diluted 
with  water  to  any  extent  without  decomposition,  and  it  is  almost  the  only  componndof 
.  oxide  of  antimony  to  whkh  the  remaric  applies. 

Antimomotu  AM^(Bh  O4). 
iVgwra^kw.— By  projecting  powdered  antimony  into  a  large  cruoible,  heated  to 
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redness  as  in  the  preparation  of  oxide  of  antimony;  but  continuing  the  operation 
longer. 

PropertitM, — ^A  diity  white  powder,  not  ToktUe,  and  infuaiUd.  When  reeently  pre- 
pared it  slightly  dissolves  in  water  and  in  acids,  but  not  otherwite.  It  comhizLes  with 
alkalies,  but  does  not  yield  well-charaeterized  salts.  From  its  alkalioe  0<dtttiQiis  it 
faUfl  as  a  hydrate  on  the  addition  of  aoids. 

AtUimonie  acid,  a  and  b. 

Under  the  general  designation  of  antimooic  aeid^  two  isomeric  bodiea  were  long 
included ;  they  are  now  dintingniahed  as  tmtimonie  and  miia^amUmomc  tmdt^  In  tfaia 
respect  antimonic  acid  resemlsika  photfhorio  and  atatmic  aeida. 

Antimonie  Add,  A. 

JPr^Htratwn. — When  stnxig  nitric  acid  is  pmued  upoa  metidlie  antimonyy  a  Tioloit 
action  takes  place,  binozide  of  nitrogen  being  evolved  and  antimonic  acid  combiiied 
with  water  (hydrated),  and  perhaps  mixed  with  some  aitrie  acid  remaining.  If  this 
hydrated  product  be  heated,  anhydrous  antimonic  acid  resolte. 

iVc^r^tef.— A  yellowish-white  powder,  which  decomposes  when  heated  to  redness ; 
oxygen  being  evolved  and  antunonions  acid  remaining.  Antimoaio  acid  can  be  made 
to  unite  with  bases,  generating  a  class  of  salts  teemed  antimonatesy  all  of  which  are 
decomposed  by  mixtnre  with  almost  any  acid,  hydrated  antimonic  acid  being  thrown 
down.  Two  antimonates  of  potash  are  known,  the  mono-  ajod  the  bi-antimoniata. 
Keutral  salts  of  this  acid  c(mtain  one  equivalent  of  base. 

Antimonic  Acid,  b — Meta-antimonic  Acid. 

Pnparatiom, — By  deoompoaing  perchloride  of  antimony  by  the  addition  4>f  water. 
The  antimonic  acid  thrown  down  by  this  treatment  is  hydrated.  If  it  be  heated  short 
of  redness,  the  water  of  hydration  is  ev(dved,  and  anhydrous  antimQaie  aeid,  similar 
in  all  respects  to  that  just  described,  is  obtained.  Henoe  it  ap^an  that  the  distinotiTe 
characteristics  of  antimonic  and  meta-antiaionifi  acid  only  refer  to  the  hydrated  sub* 
stances.    Meta-aatimonic  acid  forms  neuizai  salts  with  two  equivalents  of  hiAS. 

AntitMmy  with  Kjfdrogtn, 
This  is  a  compound  of  great  importance,  though  its  atomic  constitution  is  not  knowBi 
inasmuch  as  it  has  never  been  obtained  pure.  The  great  interest  of  antimoniuretted 
hydrogen  depends  on  the  circumstance  that  arseme  also  combines  with  hydrogen, 
forming  a  compoimd  similar  in  many  respects  to  antimoniuretted  hydrogen,  and 
therefore  liable  to  be  confounded  with  it  by  an  inflzperienced  operator.  Antimoniu- 
retted hydrogen  is  g^oerated  whenever  hydrogen  gas  is  developed  in  a  liquid  holding 
antimony  in  solution.  It  is  a  colourless  gas,  combustible  like  hydrogen,  and  during 
the  act  of  combustion  deposits  a  crust  of  metallic  antimony.  Although  the  general 
similsrity  of  tiiis  antimonial  cmst  to  a  deposition  of  metallic  arsenic  htA  led  to  mis- 
takes, dkey  are  wholly  inexeasable ;  one  characteristio  is  ahme  sufficient  to  difrtingnish 
<iie  two  ™<»*«m^  depositions ;  it  is  this :  the  antimonial  crusty  is  almost  incapable  of 
yolatilisatian  by  the  heat  of  a  tqitrit-lamp  flame,  wkereas  the  arsenical  orast  volatilises^ 
raadily  nnder  this  treatment.  There  are  other  mors  elaborate  oharaoteiisties  of 
distiaction  between  the  two^  but  the  one  mentioned  is  in  most,  if  not  aUy  cases 
sufficient. 
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Antimony  with  Sulphur— Sttlphureta  of  Antimony, 

Two  of  these  sulphurets  are  known ;  they  may  be  distinguished  as  the  native  sul- 
phuret  and  sulpho-antimonic  acid. 

Native  JSulphuret,  composition  Sb  S3. — A  gray  metallic  brittle  substance,  easily 
fusible  and  crystalline;  it  constitutes  the  only  antimonial  ore.  Sulphuret  of  anti- 
mony haying  this  composition  may  be  also  artificially  prepared,  either  by  melting 
together  sulphur  and  antimony  in.  due  proportions,  or  by  transmitting  hydrosulphuric 
acid  gas  through  solution  of  tartar  emetic.  When  generated  by  the  last  process, 
sulphuret  of  antimony  is  orange<-red ;  but  in  composition  it  is  identical  with  the  other 
variety.  By  some  it  is  described  as  a  hydrated  sulphuret,  but  the  water  seems  to 
be  a  casualty ;  it  may  be  totally  expelled  by  application  of  gentle  heat,  leaving  the 
sulphuret  still  red ;  but  if  the  heat  be  still  raised  the  sulphuret  turns  black,  like 
the  native  variety,  and  the  variety  prepared  by  fusing  together  sulphur  and  metallic 
antimony. 

The  change  which  ensues  when  sulphuret  of  antimony  is  roasted,  or  strongly 
heated  with  a  current  of  atmospheric  air  playing  over  it,  is  peculiar.  Most  sulphurets, 
when  treated  in  this  manner,  either  yield  sulphurous  or  sulphuric  acids,  or  both,  by 
the  oxidation  of  sulphur ;  whilst  the  metal  of  the  sulphuret,  simultaneously  oxidising, 
forms  an  oxide,  which  combines  with  sulphuric  acid  generated,  yielding  a  sulphate. 
When  sulphuret  of  antimony  is  strongly  roasted,  a  portion  of  sulphur  escapes  uncom- 
bined,  and  a  portion  of  oxide  of  antimony  is  formed ;  subsequently  the  oxide  and  sul- 
phuret of  antimony  combine,  forming  an  oxysulphuret,  which  fuses  into  a  hard 
yellowish-red  vitreous  body.  Oxide  and  sulphuret  of  antimony  combine  in  many  pro- 
portions, forming  many  oxysulphurets. 

When  sulphuret  of  antimony  is  boiled  with  caustic  or  carbonated  alkalies  it  is  dis- 
solved; and,  by  virtue  of  certain  decompositions,  to  be  presently  explained,  oxide  of 
antimony  is  first  deposited  on  cooling,  and  afterwards  red,  sulphuret  of  antimony. 
The  latter  was  termed  by  the  older  chemists  Kermes  mineral.  The  decompositions  which 
ensue  on  boiling  sulphuret  of  antimony  with  caustic,  or  carbonated  alkaline  solutions, 
are  as  follow :— Firstly,  double  decomposition  takes  place  between  the  alkali  (we  will 
assume  it  to  be  potash)  and  a  portion  of  sulphuret  of  antimony,  sulphuret  of  potassium 
being  formed  and  oxide  of  antimony  thrown  down,  as  represented  by  the  accompanying 
diagram ; — 

Potash  /Potassium y  Sulphuret  of  potassium 

.  .  --j^ Oxygen.. X      "^ 

Sulphuret  of  C  Sulphur. ./ 
antimony     ( Antimony ^  Oxide  of  antimony 


Of  these  bodies,  the  sulphuret  of  antimony  remains  in  solution,  and  the  oxide  of 
antimony  deposits;  but  on  concentrating  the  solution  by  boiling,  the  sulphuret  of 
potassium  combines  with  a  portion  of  undecomposed  sulphuret  of  antimony,  from 
.  which  a  portion  of  the  latter  separates  in  cooling,  in  the  form  of  Kermes  mineral.  If 
to  the  hot  solution,  holding  sulphuret  of  antimony  and  sulphuret  of  potassium,  hydro- 
chloric acid  be  added,  a  mixture  of  oxide  and  sulphuret  of  antimony  is  thrown  down, 
constituting  the  oxysulphuret  of  antimony  of  the  English  pharmacopceia. 
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Sb  Ss,  is  generated  by  transxnittmg  a  current  of  hydrosulphnric  acid  tbrough  a  solution 
of  percbloride  of  antimony  in  dilute  hydrochloric  acid,  when  it  precipitates  as  a  yellow 
powder.  It  may  be  generated  also  by  the  following  process: — Boil  a  mixture  of 
18  parts  of  finely-powdered  sulphuret  of  antimony,  17  of  dry  carbonate  of  soda, 
13  parts  of  lime  previously  slaked,  and  3}  parts  of  sulphur,  in  sufficient  water  to 
reduce  the  whole  to  the  condition  of  thin  gruel ;  by  which  treatment  carbonate  of 
lime,  antimonate  of  soda,  sulphuret  of  sodium,  and  sulphuret  of  antimony  are  formed. 
Of  these  bodies,  the  first  is  insoluble,  the  second  very  nearly  so.*  By  evaporating 
the  solution  to  a  certain  extent  and  allowing  it  to  cool,  they  may  be  separated  whilst 
the  two  sulphurets  combine  together,  and  form  an  antlmonio-sulphuret  of  sulphuret 
of  potassium,  which  may  be  obtained  in  crystals.  If  a  solution  of  this  double  sul- 
phuret be  mixed  with  dQute  sulphuric  acid,  decomposition  ensues,  and  pentasulphuret 
of  antimony,  otherwise  called  sulpho-antimonic  acid,  is  precipitated. 

All  the  sulphurets  of  antimony,  but  more  especially  the  sulphuret  precipitated  from 
an  antimonial  solution  when  hydrosulphnric  acid  is  transmitted  through  it,  may  be 
decomposed  by  heating  it  in  contact  with  a  current  of  hydrogen  gas ;  when  hydro- 
sulphuric  acid  is  formed,  and  metallic  antimony  remains.  This  operation  is  of  great 
utility  in  toxicological  investigation,  as  serving  to  determine  the  presence  of  antimony, 
without  any  considerable  loss  of  the  metal ;  but  it  is  seldom  eligible  as  a  means  of  rigid 
quantitative  analysis,  in  consequence  of  the  tendency  of  a  portion  of  antimony  reduced 
to  combine  with  the  passing  hydrogen,  and  generate  antimoniuretted  hydrogen  gas. 
The  apparatus  employed  for  effecting  the  decomposition  of  sulphuret  of  antimony, 

by  a  current  of  hydrogen  gas, 
is  as  represented  in  the  accom- 
panying diagram,     a  repre- 
sents   a    Woulfe's      bottle, 
adapted   to  the    purpose  of 
generating  hydrogen  gas  by 
the  contact  of  dilute  sulphuric 
acid  (poured  through  €)  with 
granulated  zinc.      The  hy- 
drogen thus  evolved  is  moist, 
but  on  passing  through  frag- 
ments of   fused  chloride  of 
calcium,  in  the  tube  5,  it  is  dried.    The  sulphuret  of  antimony  to  be  decomposed  is 
thrust  into  the  tube  <;,  as  represented  in  the  diagram,  and  subjected  to  the  heat  of  a 
spirit-lamp  flame,  whilst  a  current  of  dry  hydrogen  gas  passing  over  it  removes  sul- 
phur, forms  hydrosulphnric  acid  gas,  and  leaves  metallic  antimony.    The  collateral 
formation  of  antimoniuretted  hydrogen  already  adverted  to,  not  being  taken  cognizance 
of,  the  decomposition  which  ensues  is  as  follows  : — 

Hydrogen—  7  Hydrosulphuric  acid 


Sulphuret  of  antimony      I 


Sulphur 

Antimony remains  in  the  tube 

Henee  antimonic  acid  becomes  a  test  for  soda. 
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In  the  pictorial  diagram  just  given,  the  tube  from  which  the  hydrosulphuric  acid 
gas  emerges  is  seen  to  pass  into  a  beaker  glass  d,  containing  a  solution, — ^that  solution 
is  acetate  of  lead,  and  its  purpose  is  to  indicate  that  the  operation  is  proceeding  satis- 
factorily. Whilst  docomposition  of  sulphuret  of  antimony  proceeds,  hydrosulphuric 
acid  continues  to  be  liberated,  and  0i  course  blackens  any  soluble  lead-salt  which  may 
be  exposed  to  it.  By  changing  the  lead  solution  from  time  to  time,  we  leam  when 
the  decomposition  has  ceased,  for  no  sooner  is  tiiis  point  arrived  at  than  the  lead 
solution  ceases  to  be  blackened. 

Antimony  with  Chkrim^CJUorid»  tfAnthmmff, 

Two  chlorides  of  antimony  are  known,  corresponding  respectiyely  with  oxide  of 
antimony  and  antimonic  acid.  The  former  may  be  correctly  designated  terchloride, 
and  the  latter  pentachloride  of  antimony. 

Terchhride  of  Antimony—^^  CI3.) 

This  useful  and  long-known  compound,  known  by  the  designation  "hitter  of 
antimoni/j"  may  be  prepared  by  various  methods. 

(1)  By  transmitting  chlorine  through  a  tube  containing  powdered  antimony  in 
excess.  The  chlorine  must  be  passed  very  slowly,  otherwise  pentachloride  of  antimony 
would  be  formed.  ' 

(2)  By  distilling  in  a  glass  retwt  a  mixture  of  1  part  pulverized  metallic  anti- 
mony and  2  parts  corrosive  sublimate. 

(3)  By  digesting  native  sulphuret  of  antimony  in  hydrochloric  acid,  and  evapo- 
rating the  solution  still  containing  excess  of  acid. 

Fropertie^ — ^A  white  easily  fusible  compound,  capable  of  being  volatilized  at  a  low 
red  heat,  and  which  at  ordinary  atmospheric  temperature  assumes  the  consistence  of 
fat^  whence  the  name  butter  of  antimony,  by  which  it  is  popularly  known.  Ter- 
sulphuret  of  antimony,  like  nitrate  of  Msmuth,  may  have  a  certain  portion  of  water 
added  to  it  without  decomposition  ensuing ;  but  the  addition  of  larger  portions  of 
water  causes  the  deposition  of  a  subsalt  (a  subchloride),  by  which  quality  chloride  of 
antimony,  and,  indeed,  antimonial  salts  generally,  are  assimulated  to  those  of  bismnth. 
Tartar  emetic  furnishes  almost  the  only  exception.  The  white  precipitated  subsalts 
generated  by  the  dilution  of  terchloride  of  antiioony  with  water  vary  in  ponderable 
composition,  according  to  the  relative  tmounts  of  water,  and  chioride  of  antimony 
employed  in  generating  them.  They  are  known  by  the  popular  name  of  *^  powder  of 
Algaroth.*' 

PmtaeMoride  ofAntimoH^-^Sh^Cls). 

It  has  already  been  stated,  that  if  in  preparing  the  compoond  just  described  the 
chlorine  be  transmitted  too  rapidly,  peatacUoride  of  antimony  is  generated.  The 
latter  substance  is  indeed  prepared  by  tr«Dsmitting  ohlorine  oror  heated  powcbied 
antimcmy.  It  is  next  to  impossible  so  to  regulate  tiie  operation  that  some  of  the 
terchloride  of  antimony  shall  not  be  sinraltaneoaaly  generated,  but  the  two  may  be 
readily  separated  by  distillation ;  terchloride  of  antimony^  as  we  have  already  seen,  not 
being  volatile  at  a  heat  short  of  redness,  whereas  the  pentachloride  may  be  distilled 
from  an  ordinary  glass  retort ;  the  first  portions,  however,  which  come  over  always 
hold  a  little  free  chlorine,  and  should  be  rejected. 

Properties. — ^Pentachloride  of  antimony  is  a  Hqmd  almost  colourless,  and,  as  we 
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have  seen,  easily  yolatilizable.    It  und^goes  spontaneous  decomposition  when  exposed 
to  the  air,  and  more  especially  if  heated. 

Distinetm  CharacUritties  of  JLntimonidl  Sohttiena, 

The  recognition  of  the  presence  of  antimony  is  of  especial  importance,  inasmuch  as 
the  metal,  owing  to  its  yielding  a  somewhat  yellow  (orange)  precipitate  with  hydro- 
Bttlphurio  ftoid,  and  to  its  demeanour  with  hydrogen,  is  scxnetimes  confounded  witli 
arsenic.  The  first  point  to  be  remembered  in  searching  for  antimony  in  organic 
solutions,  such  as  the  contents  of  the  stomach,  for  example,  is  the  tendency  of  most 
solutions  containing  the  metal  to  be  decomposed  by  the  addition  of  water,  yielding 
subsalts  which  preoij^tate.  All  these  precipitates,  without  exception,  are  soluble  in 
tartaric  acid ;  hence  it  is  proper  to  begin  an  investigation  for  antimony,  supposed  to  be 
present  in  organic  solutions,  by  addition  of  tartaric  acid ;  when  any  subsalts  which 
might  have  been  present  will  be  dissolved,  and  may  now  be  filtered.  The  chief 
characteristics  of  antimony  in  solution  are  the  fbllomng : — 

(1)  A  current  of  hydrosulphuric  acid,  even  in  acid  solutions,  throws  down  an 
orange-coloured  precipitate,  which  being  incorporated  with  black  flux  (a  mixture  of 
carhonate  of  potash  and  carbon,  made  by  projecting  a  mixture  of  two  parts  of  cream 
of  tartar  and  one  part  of  nitre  into  a  large  red  hot  crucible),  and  strongly  heated  in  a 
glass  tube,  yields  metallic  antimony,  not  capable  of  being  perceptibly  volatilized  by  tM 
strongest  heat  of  a  spirit-lamp  flame.  This  last  is  a  very  important  characteristic,  dis- 
tinguishing antimony  from  arsenic  ;  the  latter  metal,  as  we  shall  hereafter  discover, 
may  be  chased  from  one  extremity  of  a  closed  glass  tube  to  the  other  by  the  heat  of  a 
spirit-lamp  flame.  Instead  of  reducing  sulphuret  of  antimony  by  heating  it  in  contact 
with  black  flux,  it  is  even  better  to  effect  a  similar  result  by  transmitting  hydrogen 
gas  over  it,  as  described  at  page  473. 

(2)  A  solution  containing  antimony  being  added  to  the  materials  for  liberating 
hydrogen  gas  {i.e.  sulphuric  acid,  water,  and  zinc),  antimoniuretted  hydrogen  gas  is 
formed,  which  deposits  a  crust  of  metallic  antimony  when  ignited,  or  when  passed 
through  a  narrow  glass  tube  heated  by  a  spirit-lamp  flame.  In  connxion  with  the 
generation  of  antimoniuretted,  or  with  arseniuretted  hydrogen,  it  is  of  especial  import- 
ance to  bear  well  in  mind  the  fact  that  both  zinc  and  sulphuric  acid  occasionally  con- 
tain arsenic  as  a  casual  impurity.  The  absence  of  arsenic  can  be  insured  by  liberat- 
ing a  portion  of  hydrogen  from  the  zinc,  sulphuric  acid,  and  water,  and  igniting  it  as  a 
jet  previously  to  the  addition  of  a  supposed  antimonial  solution. 


XSLLUKJLUM. 


Equivalent,  or  atomic  weight 
Specific  gravity 


64-2 
6-26 


Kotwifhstanding  the  metallic  aspect  and  considerable  density  of  tellurium,  its 
relations  so  nearly  approach  those  of  sulphur  and  selenium,  that  its  claims  to  the 
metallic  character  are  not  fully  admitted.  It  occurs,  for  the  most  part,  in  association 
with  bismuth,  gold,  silver,  or  lead ;  occasionally,  however,  it  has  been  found  isolated. 
Tellurium  may  be  most  readily  extracted  from  Hungarian  sulpho-telluret  of  Bismuth, 
found  near  Otiemnitz,  by  a  process  of  which  the  following  presents  an  outline :— Equal 
weights  of  the  powdered  ore  and  dry  carbonate  of  soda  are  made  into  a  paste  with  oil 
and  exposed  to  a  strong  white  heat  in  a  covered  crucible.      By  this  <^eration  metallic 
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bismutli  is  liberated,  and  sulphuret  and  telluzet  of  sodium  fonned.  The  twt)  latter 
constitute  a  fused  mass,  which  being  dissolved  in  water,  and  the  solution  exposed  to  the 
atmosphere,  decomposition  ensues ;  metallic  tellurium  is  deposited,  and  caustic  soda, 
mixed  with  hyposidphite  of  soda  being  formed  by  oxidation  of  the  sulphur  previously 
contained  in  the  sulphuret  of  sodium. 

Properties. — In  colour  tellurium  assimilates  itself  to  sflver  and  to  antimony.  It  is 
a  brittle  metal  and  a  bad  conductor  of  heat  and  electricity.  It  fuses  by  a  heat  slightly 
below  redness,  and  at  a  higher  temperature  volatilizes.  If  atmospheric  air  be  admitted 
whilst  the  tellurium  is  yet  hot  it  bums,  yielding  tellurious  acid.  Two  oxides  of  tellu- 
rium are  known,  tellurious  acid  Te  O^  and  telluric  acid  Te  O3.  They  are  produced 
from  tellurium  exactly  as  selenious  and  selenic  acids  are  produced  £rom  selenium,  to 
which,  therefore,  the  student  may  refer.  The  remaining  combinations  of  tellurium  are 
unimportant. 

ASSENIO,   OA  ASSXNICUM. 

Equivalent,  or  atomic  weight        .        .      75 
Specific  gravity     ....    about    5*8 

Arsenic  is  rarely,  though  sometimes  foimd  uncombined  in  nature ;  but  by  far  the 
largest  amount  is  obtained  by  a  process  of  sublimation  firom  ores  (arseniurets)  contain- 
ing it.  Arseniurets  of  iron,  nickel,  and  cobalt  are  the  chief.  When  an  arseniuret  is 
heated  in  an  atmospheric  current,  the  metallic  arsenic  oxidises,  becomes  arsenious  acid, 
sublimes,  and  condenses. 

Preparation. — Metallic  arsenic  or  arsenicum  is  obtained  by  incorporating  arsenious 
acid,  or  white  oxide  of  arsenic  as  it  is  sometimes  called,  with  charcoal  or  black  flux, 
and  exposing  the  mixture  to  heat  in  a  close  vessel.  Carbon  uniting  with  oxygen 
forms  carbonic  oxide  and  acid,  whilst  metallic  arsenic  is  reduced,  and  sublimes. 

Properties, — Arsenic  has  a  full  metallic  lustre,  somewhat  like  steel  in  appearance.  It 
is  brittle  and  crystalline.  When  heated  in  vessels  to  which  the  atmosphere  has  free  access, 
it  readily  oxidizes  and  becomes  white  oxide  of  arsenic,  more  properly  called  arsenious  acid ; 
but  when  heated  in  close  vessels  it  sublimes  before  fusion,  and  covers  the  interior  of 
the  vessel  with  a  mirror-like  scale.  The  vapour  of  metallic  arsenic  has  the  odour  of 
garlic,  a  characteristic  of  some  importance  in  certain  medico-legal  investigations, 
though  less  valuable  than  formerly.  About  150  years  since,  a  German  writer  on  Toxi- 
cology, Eeisseissen,  stated  the  smallest  amount  of  arsenic  he  could  discover  in  a  dead 
body  to  be  ten  grains,  and  he  recommended  as  a  somewhat  delicate  means  of  ascertain- 
ing the  presence  of  arsenic,  to  bum  the  corpse  entire,  and  remark  by  occasional  smelling 
whether  it  gave  off  an  alliaceous  odour.'  This  was  a  somewhat  rude  expedient, 
nevertheless  the  alliaceous  odour  of  vapourized  arsenic  is  not  an  indication  to  be 
despised.  The  student  may  convince  himself  of  the  fact  easily,  as  follows : — Wine  and 
spirit  botdes  have  occasionally  green  lables ;  strip  off  a  portion  of  one  of  these  lables,  bum 
it,  and  remark  the  powerful  alliaceous  odour  which  is  diffused:  this  depends  upon  the 
presence  of  the  arsenical  pigment  called  Scheele's  green. 

Arsenic  with  Oxygen, 

Two  compounds  of  arsenic  with  oxygen  are  known ;  both  of  them  have  acid  pro- 
perties, and  combine  with  bases  to  form  definite  salts :  they  are  arsenious  acid  ASO3, 
and  arsenic  acid  ASO5. 
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Aisenious  Aeid^^White  Oxide  ofArsenie,  or  White  Arsenic, 

This  substance  is  of  the  highest  importance,  as  being  the  frequent  agent  of  criminal 
or  accidental  poisoning.  Although  the  yiolence  of  arsenious  acid,  considered  as  a 
poison,  is  inferior  to  that  of  many  others,  there  are  few  substances  so  much  to  be 
feared,  being  almost  tasteless ;  it  can  be  mixed  with  articles  of  food  and  swallowed 
without  discovery,  and  there  is  no  practically  e£B.cient  antidote  for  staying  its 
destructive  agency. 

Froperties, — Arsenious  acid  occurs  as  a  heavy  white  vitreous-looking  substance, 
breaking  with  a  conchoidal  fracture.  Some  varities  are  almost  transparent,  others  are 
opaque ;  the  difference  between  the  two  not  being  referable  to  any  variety  in  chemical 
composition,  but  merely  to  an  allotropic  cause.  The  opaque  variety  is  slightly  more 
soluble  in  water  than  the  other,  100  parts  of  boiling  water  dissolving  about  11 1. 
Nearly  three-fourths,  however,  of  this  amount  separate  as  the  water  cools.  Alkaline 
solutions  readily  dissolve  arsenious  acid,  generating  salts  called  arsenites.  Hydro- 
chloric and  sulphuric  acid  also  dissolve  it ;  more  especially  the  former :  boiled  with 
nitric  acid  it  acquires  more  oxygen,  and  becomes  arsenic  acid  As  0^.  Arsenious  acid 
can  be  readily  sublimed,  the  heat  of  a  spirit-lamp  flame  being  amply  sufficient  for  the 
purpose.  Its  vapour  condenses  and  yields  small  but  brilliant  octahedral  crystals,  which 
are  very  characteristic.  Solutions  of  arsenious  acid  yield  no  precipitate  with  nitrate  of 
silver,  except  ammonia  or  some  other  alkali  be  present;  nor  must  the  alkali  be  in  excess. 
But  when  the  nitrate  of  silver  and  alkali  are  duly  apportioned  a  yellow  precipitate 
occurs,  similar  in  appearance  to  phosphate  of  silver,  for  which  it  is  occasionally  mis- 
taken. The  mixture  in  proper  proportions  of  nitrate  of  silver  with  ammonia,  and 
called  ammoniacal  nitrate  of  silver,  is  a  valuable  test  for  indicating  the  presence 
of  arsenious  acid.  Ammoniaqal  nitrate  of  silver  is  prepared  by  adding  solution  of 
ammonia  to  solution  of  nitrate  of  silver,  until  the  oxide  of  silver  thrown  down  is  nearly 
dissolved,  but  not  quite.  Proceeding  thus,  the  operator  is  assured  that  ammonia  does 
not  exist  in  excess.  Arsenic  acid,  the  next  compound  to  be  described,  yields  a  pre- 
cipitate with  arsenic  acid,  even  though  no  alkali  be  present,  and  the  precipitate  is 
brick-red. 

Solution  of  sulphate  of  copper  treated  with  solution  of  ammonia,  as  just  described 
for  nitrate  of  silver,  forms  what  is  called  ammoniacal  sulphate  of  copper,  which  is  also 
a  delicate  test  for  arsenious  acid,  with  which  it  throws  down  a  green  precipitate 
(Scheele's  green). 

Hydrosulphuric  acid  and  hydrosulphates  throw  down  a  yellow  precipitate. 

The  method  of  discovering  the  presence  of  arsenious  acid  in  organic  solutions,  and 
separating  it  for  judicial  purposes,  will  be  described  presently ;  before  doing  so,  it  is 
desirable  to  discuss  the  characteristics  of  the  other  arsenical  preparations. 

Arsenic  Acid — (As  O5). 

Preparation, — ^Aisenious  acid  is  boiled  with  successive  portions  of  nitrohydrochloric 
acid  untQ  nitrous  acid  fumes  are  no  longer  evolved ;  the  solution  being  evaporated  to 
dryness,  yields  anhydrous  arsenic  acid. 

Properties, — Anhydrous  arsenic  acid  is  a  white  non-crystalline  body,  easily  soluble  in 
water,  and  yielding,  on  slow  evaporation  of  the  aqueous  solution,  crystals  of  hydrate  of 
the  acid.  By  strongly  heating  arsenic  acid  it  suffers  decompbsition,  oxygen  gas  and 
arsenious  acid  being  evolved.    It  wiU  be  seen,  by  inspection  of  the  formula  As  Og,  that 
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arsenic  acid  is  analogous  in  composition  to  pHosphorio  acid.  Like  phosphoric  acid 
also,  it  is  tribasic,  and  it  forms  salts  isomorphons  with  phosphates,  thus  establishing  a 
more  coBLpleto  paralleligm  betw«en  the  two.  Three  srwaiatea  of  ioda  are  known,  in 
two  of  whieh  water  counts  for  a  portion  of  the  three  basic  eqniyalents.  The  alkafine 
phosphates  which  contain  basic  water  part  with  the  latter  when  strongly  heated ;  but, 
unlike  the  alkaline  phosphates,  they  recover  the  basic  water  again  by  resolution  in 
that  liquid. 

Arsenic  acid  in  solution  yields,  with  nitrate  of  silver,  a  brick-red  pi^pitatey 
which  is  the  arseniate  of  oxide  of  silver ;  it  also  yields  a  yellow  sulphuret  with  hydro- 
sulphuric  acid  and  hydrosulphates.  The  sulphuret  produced  under  these  eircum- 
stances  is  similar  in  colour  to  that  yielded  under  parallel  conditions  with  arseniotis 
acid  and  arsenites ;  but  it  differs  in  composition,  and  is  not  precipitated  with  equal 
facility. 

Areeniates,  or  combinations  of  arsemo  acid  with  bases,  may  be  prepared  directly  by 
saturating  the  acid  with  base  and  evaporating ;  flrequently,  too,  they  admit  of  being 
prepared  by  deflagrating  arsenious  acid  with  the  nitrate  or  chlorate  of  the  base  intended 
to  enter  into  combination  with  arsenic  acid, — the  change  is  referable  to  the  powerfiilly 
oxidising  agency  of  nitric  and  chloric  acids. 

ArMnie  with  Hydrogen — Ar89murtU  tf  Hydrogen, 

Two  of  these  compounds  are  known,  one  is  a  gas  the  other  a  Bolid.  Giiseous 
arseniuret  of  hydrogen — or  arseniwetted  hydrogen,  as  it  is  more  frequently  termed — ia 
of  especial  interest  in  toxocological  researches  involving  the  extraction  of  arsenic. 


Gaseous  Arseniuret  of  Hydrogen^  or  Arseniuretted  Hydrogen, 

I^r^Mration. — ^By  generating  hydrogen  gas  in  contact  with  any  arsenical  solntioiiy 
the  gas  in  question  is  formed,  mixed  however  with  variable  p<»tions  of  hydrogen,  of 
which  I  shall  take  no  cognizance  here,  seeing  that  the  presence  of  such  does  not  affect 
the  points  in  connexion  wiUi  arseniuretted  hydrogen,  to  which  attention  will  be  here- 
after drawn. 

The  property  which  nascent  hydrogen  possesses  dt  combining  with  arsenic  and 
forming  arseniuretted  hydrogen,  is  of  such  great  importance  that  the  student  should 

ftmiliarize  himself  ynih  it. 
For  this  purpose  he  cannot 
do  better  than  employ  the 
simple  apparatus  composed 
of  a  phial  bottle  of  about  uz 
ounces  capacity,  having  at- 
tached to  it  a  perforated  cork 
and  tube  bent  at  right  angles 
and  drawn  out  into  a  jet,  as 
represented  in  the  accompa- 
nying diagram: 

The  materials  for  gene- 
rating hydrogen, — mb.,  zinc 


and  dilute  sulphuric  acid,  being  put  into  the  bottle  A,  hydrogen  will  be  evolved.    Let 
the  operator  first  assure  himself  that  neither  the  zinc  nor  the  sulphuric  acid  employed 
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contains  arsenic;  this  lia  may  do  by  igniting  the  gas  as  it  escapes  through  the  jet, 
and  causing  the  tongue  of  flame  to  play  against  a  piece  of  white  porcelain, — a  plate, 
for  instanco.  If  tke  gas  bum  without  producing  any  stain  tlie  materials  are  free  from 
anenic  Let  the  operator  now  remoye  the  cork,  and  drop  into  the  bottle  where 
hydrogen  ia  atill  being  developed,  the  minutes^  quantity  of  a  solution  of  arsenious  acid, 
and,  haying  waited  a  few  aeconda,  until  all  the  atmospheric  air  contained  in  the  bottle 
has  been  expelled,  again  ignite  the  jet  of  gas.  It  will  now  be  found  to  bum  in  a  very 
different  manner.  It  wiU  deposit  a  black  mirror-like  stain  on  the  white  porcelain;  it  will 
deposit  a  similar  stain  within  the  horizontal  glass  tube,  corresponding  with  the  portion 
heated  by  the  spirit- 
lamp  flame ;  and  lastly, 
if  burned  in  a  tube 
open  at  both  ends  and 
held  at  an  angle  as  in 
the  annexed  diagram, 
the  interior  of  the  tube 
will  become  eoated 
with  two  layets,  one 
of  metalUc  arsenic,  the 
other  <rf  arsenious  acid. 

Araeniuretted  hydrogen  thus  employed,  as  a  means  of  removing  and  discovering 
arsenic,  is  oaUed  Marth't  ttH,  from  its  inventor,  Mr.  Marsh.  There  is  no  chemical 
impediment  to  its  acting  in  oxganie  solutions, — ^such  as  the  oontents  of  a  stomach,  for 
example ;  but  a  mechanical  action  sometimes  interferes.  Occasionally,  wil^  certain 
kinds  of  organic  solutions,  a  bubbling  or  frothiness  occurs,  causing  moisture  to  pass 
through  the  delivery  tube,  and  extinguish  the  jet.  A  litde  oil  mixed  with  the 
hydrogen-liberating  arsenical  solution,  will  sometimes  remedy  this  defect ;  or  occa- 
sionally a  few  filaments  of  asbestos :  nevertheless,  it  wiU  be  generally  advisable  to 
separate  a  portion  at  least  of  the  organic  matter,  by  processes  eooa  to  be  described, 
before  having  recourse  to  the  arseniuretted  hydrogen  test. 

The  second,  or  solid,  combination  of  arsenic  with  hydrogen,  may  be  dispond  of  in 
few  words :  it  is  found  in  small  quantity  daring  the  combustioii  of  the  preceding 
compound. 

Sulphur  with  Arsenic — Sulphureta  ofArsmic, 

Of  these  eompouide,  several  are  known ;  but  their  individual  consideratian  will  be 
unnecessary.  It  will  suffice  to  divide  them  into  realgar,  or  the  red  milphuret,  and 
orpiment,  or  ydlow  snlphuretSk 

JRealffOTy  As  82,  is  found  na1ive,'and  it  may  also  be  formed  artificiaUy  by  heating  a 
mixture  in  the  necessary  atomic  proportions  of  arsenious  or  arsenic  acids  with  sulphur. 
It  is  red,  and  like  all  other  sulphurets  of  arsenic  volatile,  and,  like  them,  yields  up 
metallic  arsenic  when  mixed  with  black  flux,  and  heated  in  close  vessels. 

Orpimmt  (auri  pigmentum)  also  occurs  naturally,  and  may  be  jMcpared  by  fusing  a 
mixture  of  arsenious  acid  and  sulphur  in  due  proportions,  or  by  precipitating  a  solution 
of  arsenious  acid  and  by  hydrosulphuric  acid.  Botix  these  mpiments  have  the  composition 
As  Sj.  The  orpiment  generated  by  transmitting  hydrosulphuric  acid  through  a  solu- 
tion of  arsenic  acid  has  the  composition  of  As  S5,  and,  therefore  is  the  sulphur  corre- 
spondent of  arsenic  acid. 
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Chlorine  with  Arsenic — Chloride  o/Areenie, 

Only  one  compound  of  chlorine  with  arsenic  is  Imown.  It  is'prepared  by  transmitting 
chlorine  over  arsenic  as  in  the  process  of  generating  the  chlorides  of  sulphur  and  of  phos- 
phorus. It  may  be  also  prepared  by  distilling  a  mixture  of  one  part  metallic  arsenic 
and  six  of  corrosive  sublimate.  Chloride  of  arsenic  is  a  volatile  colourless  liquid, 
boiling  at  269°Fah.  and  evolving  a  vapour,  the  density  of  which  is  6*3. 

In  dealing  with  organic  solutions  containing  arsenious  acid  and  hydrochloric  acid, 
it  is  necessary  to  bear  in  mind  and  provide  against  the  volatility  of  chloride  of  arsenic, 
as  we  shall  learn  in  the  sequeL 

Toxicohgieal  Examination  for  Arsenioua  Add. 

Tozicological  chemistry  is  a  department  of  itself :  one  elaborate  and  complex,  invol  v> 
ing  special  points  of  consideration  which  treatises  on  general  chemistry  do  not  usually 
take  cognizance  of.  The  subject  of  arsenious  acid,  however,  regarded  as  a  poison,  is  so 
important  that  an  outline  at  least  of  its  toxicological  relations  must  be  given. 

The  discovery  of  arsenious  acid  in  colourless  solutions,  free  from  organic  matter  is 
a  problem  of  sufficient  ease :  when,  however,  organic  matters  are  present,  especially 
when  the  latter  are  thick  and  coloured,  the  difficulties  increase,  and  the  utmost  care  and 
skill  of  the  experimenter  are  required. 

Toxicological  knowledge  to  be  valuable  should  be  available.  '  In  all  that  relates  to 
the  administration  of  antidotes  there  is  no  time  for  consulting  books, — the  antidote  to  be 
useful  should  be  given  at  once.  Cases  of  poisoning  by  arsenious  acid  are  chiefly 
those  in  which  it  has  been  administered  by  a  second  party ;  the  instances  in  which  it 
is  taken  as  a  suicidal  agent  are  more  rare.  This  is  an  important  circumstance  for  remem- 
brance. The  time  which  elapses  between  the  administration  of  arsenious  acid  and 
the  manifestation  of  symptoms  of  poisoning,  will  vary  according  to  the  state  of  aggre- 
gation of  the  material.  A  case  is  on  record  of  a  person  biting  off  small  pieces  of  massive 
arsenious  acid ;  the  symptoms  did  not  manifest  themselves  for  some  hours,  whereas  if 
the  poison  be  swallowed  in  powder,  or  in  partial  solution,  the  effects  are  manifested 
more  speedily — rarely,  however,  in  less  time  than  half  an  hour :  this  too  is  an  impor- 
tant point  to  be  remembered.  It  is  astonishing  how  half  digested  knowledge  fleets 
away  in  the  terror  and  excitement  attendant  on  poisoning.  I  once  remember  being 
called  to  visit  an  individual  supposed  to  have  been  poisoned ;  she  was  a  girl  who,  having 
determined  to  commit  suicide,  obstinately  refused  to  supply  any  information.  I  found 
her  supported  by  a  medical  man  and  his  assistant,  one  on  each  side.  They  were  walk- 
ing her  up  and  down  the  room  with  the  intention  of  preventing  sleep,  the  idea  being 
that  she  had  taken  a  poisonous  dose  of  laudanum.  The  only  reason  for  the  impression, 
and  a  very  illogical  reason  it  was,  consisted  in  the  fact  that  the  dress  was  stained 
with  dark  spots.  Now  laudanum  is  dark  coloured,  hence  in  the  opinion  of  these 
concerned  she  had  taken  laudanum.  But  the  patient  was  in  agonies ;  her  lips  were 
parched  and  corroded,  and  the  ejected  matter,  although  it  had  blackened  the  white  parts 
of  her  dress,  had  tinged  a  black  handkerchief  red.  Apparently  the  poison  which  she  had 
taken  was  oil  of  vitriol ;  and  a  tumbler  found  on  the  mantelpiece,  still  sour  from  linger- 
ing portions  of  the  fatal  draught  completed  the  evidence.  Half  an  hour  had  been  lost 
by  the  disgraceful  mistake,  and  each  step  the  patient  had  been  made  to  take  was  a  step 
towards  death.    She  died  of  course. 

Treatment  of  a  Can  of  Poisoning  hy  Arsenious]  Aeid, — Supposing  the  poisoning  to 
have  been  clearly  traced  to  arsenious  acid,  copious  draughts  of  hydrated  peroxide  of 
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iron  suapended  in  water  should  be  at  once  given.  This  substance  cannot  be  purchased ; 
it  must  be  prepared  when  wanted,  by  adding  ammonia  or  its  carbonate  to  tincture  of 
chloride  of  iron,  a  liq[uid  which  may  be  procured  at  any  druggists.  Two  or  three 
quarts  of  the  tincture  may  be  taken,  and  ammonia,  or  carbonate  of  ammonia,  in  solution 
added  until  no  further  precipitation  is  occasioned.  The  precipitate  is  collected  on  a  thin 
piece  of  texture,  say  a  handkerchief  well  washed  with  boiling  water  to  remove  the 
alkali,  and  administered ;  meantime  medical  advice  should  be  sought,  and  the  stomach- 
pump  employed,  for  even  &e  hydrated  oxide  of  iron  is  not  an  antidote  to  be  relied 
upon.  Arsenious  acid  is  almost  the  only  irritant  poison  in  the  treatment  of  cases  of 
poisoning  by  which  the  stomach  pump  is  eligible. 

Detection  of  Arsenious  Add  in  Mixed  Solutions, 

(1)  Let  us  assume  that  arsenious  acid  is  supposed  to  exist  in  a  stomach,  the  contents 
of  which  are  milk,  beer,  bread,  and  meat :  a  mixture  of  greater  complexity  than  this 
does  not  usually  occur.  The  investigation  should  be  conducted  as  follows : — Place  the 
stomach  on  a  dean  glass  or  porcelain  dish,  cut  it  open  with  scissors,  turn  out  the 
contents,  and  examine  the  mucous  or  internal  coat  of  the  stomach  carefully  by  a  lens. 
Any  little  white  particles  discovered  by  this  scrutiny  should  be  carefully  removed,  and 
their  nature  determined  by  one  or  more  of  the  tests  for  arsenious  acid  already  detailed. 
If  the  presence  of  arsenious  acid  be  thus  determined  much  trouble  will  be  saved,  and 
the  operator  will  proceed  with  greater  confidence. 

(2)  The  mixed  solution  being  thrown  upon  a  cloth  filter,  or  rather,  a  fine  net,  is  to 
be  roughly  strained,  the  solid  matter  well  washed  with  distilled  water,  separated,  and 
put  aside.    Let  us  indicate  this  solid  matter  by  A. 

(3)  The  filtrate,  or  what  has  come  through  the  filter,  is  now  to  be  strongly  acidu- 
lated with  acetic  acid,  by  which  means  a  considerable  portion  of  organic  matter  will  be 
reduced  to  the  solid  condition.  Straining  will  remove  this  solidified  matter,  which, 
being  washed  with  hot  water,  is  to  be  added  to  A. 

(4)  The  filtrate  is  now  to  be  evaporated  over  a  lamp  or  on  a  sand  bath  to  dryness, 
taking  care  that  the  heat  applied  be  not  sufficiently  high  to  cause  the  evaporation  and 
loss  of  any  part  of  the  arsenious  acid.  This  avoidance  of  loss  may  be  insured  by 
thrusting  several  fine  slips  of  paper  quite  through  the  material  under  process  of  drying, 
in  such  manner  that  one  end  of  each  slip  of  paper  may  come  in  contact  with  the  dish. 
From  time  to  time  a  slip  is  to  be  withdrawn ;  and  immediately  the  lower  end  of  one 
of  these  slips  becomes  somewhat  dark,  from  incipient  charring,  the  process  of  heating 
must  cease.  The  dish  and  its  contents  being  allowed  to  cool,  hot  water  is  added  to 
effect  the  solution  of  arsenious  acid,  and  the  dried  material  is  to  be  added  to  A.  This 
process  of  solution  and  re-evaporation  several  times  repeated  will  usually  succeed  in 
effecting  the  separation  of  enough  organic  matter  to  permit  the  application  of  tests. 

(6)  A  portion  of  the  filtrate  or  filtered  liquor,  now  somewhat  free  from  organic 
matter,  is  to  be  acidulated  with  hydrochloric  acid,  and  boiled  with  slips  of  metallic 
copper.  Probably  a  coating  of  arsenic  will  be  deposited  on  the  copper ;  if  so,  the 
whole  olthe  filtrate  may  be  treated  separately,  for  there  can  be  no  better  means  of 
effecting  the  separation  of  arsenic  out  of  solutions  containing  arsenious  acid.  Some- 
times, however,  the  process  will  not  succeed,  on  account  of  the  presence  of  nitrates  and 
some  other  bodies*  This  is  called  ReinseKs  Ust.  The  copper  slips  with  arsenical 
coating  are  to  be  collected,  dried,  placed  in  a  test-tube,  and  the  tube  heated,  when 
arsenic,  quickly  changing  to  arsenious  acid,  by  further  application  of  heat  sublimes. 
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(6)  If  Reinsch's  teat  does  not  succeed,  dilate  sulphoric  acid  and  ainc  are  to  be 
placed  in  the  vessel  depicted  at  page  478,  or  at  page  473,  and  the  absence  of  arsenic 
determined  as  stated  at  page  479  ;  a  portion  of  the  filtrate  is  now  to  be  added,  and  the 
remaining  portion  of  the  operation  conducted  as  before  mentioned  (page  479).  In 
order  to  guard  against  the  ineonvenience  of  frothing  or  bubbling,  a  pledget  of  cotton- 
wool or  asbestos  may  be  placed  in  the  tube,  which,  in  diagram  page  473,  containif-dried 
chlwide  of  calcium :  chemically  dry  arseniuretted  hydrogen  gas  is  not  required  in  our 
present  experiment. 

(7)  The  remaining  portion  of  the  filtrate  may  (though  it  is  nmieoessary  if  the 
preceding  schemes  of  treatment  succeed  to  have  recourse  to  any  other)  be  precipitated 
by  hydrosulphuric  acid,  and  the  resulting  sulphuret  collected,  and  reduced  by  means 
of  black  flux  and  heat 

It  now  remains  to  deal  with  the  solid  matters,  A ;  and,  before  thie  proeesses  to  be 
followed  are  described,  it  will  be  necessiary  to  remind  the  student  that  arsenious  acid  is 
converted  into  a'tsenic  acid  by  boiling  with  nitric  or  nitro  hydrochloric  acid ;  in  like 
manner  arsenious  acid,  by  ignition  with  nitrate  or  chlorate  of  potash,  becomes  arseniate 
of  potash.  These  facts  being  remeinbered,  the  chemistry  of  the  following  treatment 
win  be  intelligible.  Out  the  solid  matter  into  small  pieces,  and  boil  with  solutioii  of 
potash  until  all  the  animal  matter  is  dissolved,  or  at  least  very  much  disint^rated ; 
next  add  nitric  acid  in  excess  by  gradual  small  proportions,  and  evaporate  the  whole  to 
dryness.  The  dry  material  being  removed  and  packed  in  a  porcelain  or  platinum 
crucible,  is  to  be  incinerated  until  all  carbonaceous  matter  is  burned  away.  Arseniate 
of  potash  now  remains,  from  which  sulphuret  of  arsenic  may  be  "ttirown  down  by  a 
current  of  hydrosulphuric  acid.  The  sulphuret  being  collected,  mixed  with  black  flux, 
and  heated  in  a  tube,  yields  metallic  arsenic. 

In  this  sketch  of  the  process  to  be  followed  in  effecting  the  separation  of  arsenic 
from  organic  bodies  containing  arsenious  acid,  no  application  has  been  made  of  what 
are  known  as  liquid  tests — ^namely,  ammoniacal  nitrate  of  silver  and  ammaniaeal  sudpkaU 
ofcftpper.  The  fact  is,  that  the  tests  in  question  are  subject  to  many  fallacies  when 
applied  to  organic  arsenical  liquid';  if,  however,  the  operator  have  applied  one  or  both 
of  these  tests,  he  should  be  aware  that  the  precipitates  yielded  by  them,  if  arseniet^ 
yield  a  characteristic  arsenical  crust  when  mixed  with  black  flux,  and  heated  in  a  tube 
closed  at  one  end. 

Distinction  hetwem  the  Arsenical  and  the  Antimoniacal  Crust. — Sulphuret  of  anti- 
mony and  sulphurets  of  arsenic,  to  which  may  be  added  arsenical  solids  generally,  are 
both  decomposed  when  mixed  with  black  flux,  and  heated  in  a  tube  closed  at  one  end, 
the  metal  arsenic  or  antimony  being  liberated  in  either  case.  Much  is  written  con- 
cerning the  probability  of  confounding  the  metals ;  but  the  mistake  can  only  occur  to 
a  very  careless  operator.  Metallic  arsenic  is  easily  volatilized  by  mere  spirit-lamp 
heat,  and  can  readily  be  chased  from  one  end  of  a  closed  tube  to  the  other,  yielding  a 
fresh  crop  of  arsenious  acid  crystals  by  each  fresh  volatilization.  Antimony  does  not 
admit  of  being  thus  easily  volatilized,  not  even  when  the  flame  is  intensified  by  means  of 
the  blowpipe.    This  simple  characteristic  suffices  to  distinguish  the  two  metallic  crusts. 

Does  Arsenic  exist  as  a  Normal  Constituent  of  Animal  Bodies  f — Orfila  at  one  time 
entertained  the  affirmative  opinion,  but  he  subsequently  altered  this  opinion.  From 
time  to  time  the  question  has  been  since  mooted,  but  I  think  we  may  take  it  for 
granted  that  the  most  skillfully  devised  and  carefully  executed  chemical  processes  have 
failed  to  discover  arsenic  as  a  normal  constituent  of  animal  structures. 
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Change  of  Arsenious  Acid  into  Sulphuret  of  Arsmie  (prpiment)  by  Contact  with 
Decomposing  Animal  Matters. — Sulphur  being  a  constituent  of  animal  matters,  and 
bydrosulphuric  acid  being  a  result  oi  their  decomposition,  it  follows  that  a  corpse 
interred  with  arsenious  aoid  (white  arsenic)  in  the  stomaeh  or  intestines,  allowed  te 
remain  buried  some  time,  and  subsequently  exhumed,  may  not  contain,  a  trace  of 
arsenious  aeid  remaining,  the  whiole  of  the  latter  haying  been  converted  into  <apiment. 


Equivalent  or  atomic  weight 60 

Specific  gravity ? 

This  is  a  rare  metaL  It  {s  chiefly  found  in  two  minerals,  pitchblende  and  mraniti, 
£rom  the  first  of  which  it  is  generally  extracted  in  the  condition  of  nitrate  of  sesqui- 
Qxide  of  uranium  by  the  following  process : — Pitchblende  having  been  reduced  to  fine 
powder,  is  treated  with  nitric  acid,  the  solution  evs^rated  to  dryness,  and  re-dissolved 
by  water.  The  solution  is  again  evaporated  to  a  convenient  exteat,  and  set  aside  to 
deposit  crystals  of  nitrate  mixed  with  sesquioxide  of  uranium.  The  mother  liquor 
being  decanted,  is  evaporated  a  second  time,  to  cause  a  fresh  deposition  of  crystals. 
But  the  mother  liquor  still  contains  nitrate  of  uranium,  which  refuses  to  crystallize  on. 
account  of  the  large  amount  of  extraneous  bodies  present,  diiefly  copper,  lead,  and 
arsenic.  These  metals  are  all  precipitated  by  a  current  of  hydrosulphuric  add  gas, 
which  does  not  throw  down  uranium.  The  liquor  being  now  filtered  and  evaporated, 
yields  a  third  and  final  crop  of  nitrate  of  uranium,  still  mixed  with  slight  impurities, 
from  which  it  is  isolated  by  means  of  ether,  which  has  the  property  of  dissolving 
nitrate  of  uranium. 

Deveiopment  or  JPt'eparaHon  of  Uranium, — By  acting  on  its  chloride  by  potafisinm, 
similarly  to  the  process  employed  for  developing  magnesium. 

Uranium,  with  Oxygen  Oxides  of  Uranium.-^Two  distinct  oxides  of  uranium  are 
known — the  protoxide  UO,  and  the  sesquioxide  Vfi^. 

Protoxide  of  Uranium. 

Preparation.-— {!)  By  transmitting  a  current  of  dry  hydrogen  gas  over  the  oxalate 
of  sesquioxide  of  uranium,  heated  to  redness  in  a  poroelain  tube. 

(2)  As  a  hydrate,  by  adding  solution  of  ammonia  to  protochloride  of  uranium. 

Protoxide  of  uranium,  when  heated  to  redness,  absorbs  oxygen,  and  yields  a  black 
oxide,  having  the  fiormula  U3O4.  It  is  to  be  regarded  as  a  salt  rather  than  a  distinct 
oxide,  and  may  be  considered  as  a  compound  of  protoxide  and  sesquioxide  of  uranium. 
Qeated  still  more  strongly,  it  becomes  further  changed  into  another  cbmpound  oxide, 
represented  by  2UO.U2O3. 

.    Sesquioxide  of  Uranium — (U203), 

This  oxide,  which  is  the  base  of  yellow  uranium  salig,  has  not  yet  been  iiM>lated ; 
but  the  hydrate  of  sesquioxide  of  uranium  U2O3  +  2H0  is  formed  by  exposing  a 
solutioTQi  of  oxalate  of  uranium  to  solar  Ught,  collecting  the  brown  matter  produced  on 
a  filter,  and  exposing  it  fireely  to  atmospheric  air.  Hydrated  sesquioxide  of  uranium 
is  a  yellow  powder. 
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Salts  of  the  Oxides  of  Uranium. 

There  are  not  many  salts  of  the  protoxide  of  uranium,  and  those  which  exist  are 
unimportant.  Their  solutions  are  characterized  by  a  green  tint.  The  sesquioxide  of 
uranium  forms  a  large  number  of  readily  crystallizable  salts,  having  an  atomic  consti- 
tution different  from  all  other  known  salts  of  a  sesquioxide.  Salts  of  sesquioxide  of 
uranium  famish  the  only  exception  to  the  rule,  that  the  number  of  atoms  of  nitric  acid 
in  a  nitrate  is  five  times  the  number  of  atoms  of  oxygen  in  the  base,  and  the  number  of 
atoms  of  sulphuric  acid  in  a  sulphate  is  three  times  the  number  of  atoms  of  oxygen  in 
the  base.  Now  the  nitrate  of  sesquioxide  of  uranium,  even  when  crystallized  from  a 
solution  holding  a  large  excess  of  acid,  has  the.  formula  of  UjO,  SO3I  whereas,  to  be 
accordant  with  other  sulphates  of  sesquioxides,  it  should  have  tiie  composition  of 
U2O3  3SO3.  Again,  the  nitrate  of  sesquioxide  of  uranium,  even  when  crystallized  out 
of  a  solution  containing  a  large  excess  of  acid,  has  the  composition  TJfi^  NO5.  With  the 
view  of  explaining  this  anomaly,  some  chemists  regard  sesquioxide  of  uranium  as 
really  the  protoxide  of  a  radical  termed  uranile,  which  latter  has  the  composition  of 
protoxide  of  uranium  reduplicated,  and  consequently  would  be  expressed  as  (2TJ0). 
According  to  this  theory,  sesquioxide  of  uranium,  or  protoxide  of  uranile,  would  be  ex- 
pressed by  (2U0)0,  when  the  nitrate  of  sesquioxide  of  uranium  would  be  indicated  by 
(2U0)0  NO5,  and  the  sulphate  of  sesquioxide  of  uranium  by  (2U0)0  SO3. 

A  yellow  colour  is  the  general  characteristic  of  all  the  solutions  containing  sesqui- 
oxide of  uranium,  or  protoxide  of  uranile.  Alkalies  throw  down  from  these  solutions 
a  yellow  precipitate  compound  c»f  the  oxide  (acting  as  an  acid)  with  the  alkali.  Car- 
bonates of  alkalies  also  throw  down  a  yellowish  precipitate,  which  is  a  double  carbonate 
of  the  alkali  with  sesquioxide  of  uranium.  All  the  green  or  protosalts  of  uranium  may 
be  converted  into  the  yellow  or  sesquisalts  by  boiling  with  nitric  acid. 

The  black  or  compound  oxide  of  uranium  is  employed  in  the  arts  of  glass-staining 
and  porcelain-painting  to  impart  a  black  colour ;  the  sesquioxide  is  used  in  the  same 
arts  for  imparting  a  yellow  colour. 

General  Characteristics  of  Sesquisalts  of  Uranium. 

A  solution  assumed  to  contain  uranium  should  be  boiled  with  nitric  acid,  for  the 
purpose  of  raising  the  metal  to  the  condition  of  sesquioxide,  when  the  following  tests 
will  indicate  the  presence  of  uranium : — 

Solutions  of  potash  and  soda  throw  down  a  yellow  precipitate. 

Ferrocyanide  of  potassium  yields  a  mahogany-coloured  precipitate* 

Hydrosulphate  of  ammonia  throws  down  a  dark-brown  precipitate,  but  hydro- 
sulphuric  acid  none. 

TUNGSTEN,   SCHEBLIUM,    OR  WOLPEAMIUM.  ^ 

Equivalent  or  atomic  weight        .         .        .95 
Specific  gravity 17*5 

Preparation.— (I)  By  transmitting  a  current  of  hydrogen  gas  over  tungstic  acid, 
heated  to  redness  in  a  porcelain  tube. 

(2)  By  heating  tungstic  acid  mixed  with  charcoal  powder  and  oil,  in  a  crucible 
lined  with  charcoal. 

Properties. — A  lustrous  metal  of  difficult  fusibility,  not  oxidising  by  exposure  to  the 
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air  at  ordinary  temperaturei  but  absorbing  oxygen  at  a  red  heat,  being  converted  into 
tungstic  acid.  Nitric  acid  attacks  tungsten  violently  even  whilst  cold,  changing  it 
into  tungstic  acid ;  and  a  similar  change  is  effected  by  hot  sulphuric  acid. 

Combinatuma  of  Tungsten  unth  Oxygen — Binoxide  of  TfingsUn'-'CWO^, 

Preparation. — (1)  By  transmitting  a  current  of  hydrogen  over  tungstic  acid,  heated 
not  above  duU  redness,  in  a  tube  of  porcelain. 

(2)  Mrs  intimately  two  parts  of  powdered  wolfram  (native  double  tungstate  of 
iron  and  manganese)  with  four  parts  of  carbonate  of  potash,  and  fuse  tbe  mixture  in  a 
platinum  crucible.  Act  on  the  fused  mass  by  water  and  Alter.  The  filtrate  contains 
tungstate  of  potash ;  it  is  to  be  evaporated  to  dryness,  with  one  part  of  sal-ammoniac, 
the  residue  calcined  at  a  red  heat,  and  lixiviated  with  water,  when  the  binoxide  of 
tungsten  will  remain  in  the  form  of  a  black  powder. 

JPiroperties.'-^The  binoxide  of  tungsten  is  a  black  powder,  readily  absorbing  oxygen, 
and  changing  to  tOngstic  acid  when  heated  in  the  presence  of  atmospheric  air ;  it  also 
generates  tungstic  acid  when  boiled  with  a  strong  solution  of  caustic  potash. 

Twiffstie  Aeid^(WO^). 

Preparation. — ^We  have  already  seen  that  metallic  tungsten,  or  binoxide  of  the 
metal,  generates  tungstic  acid  when  strongly  heated  in  presence  of  atmospheric  air ;  it 
may  be  also  readily  prepared  by  acting  upon  tungstate  of  lime  with  hot  nitric  acid, 
which  removes  the  lime  and  leaves  the  tungstic  acid. 

Properties. — ^A  yeUow  powder,  insoluble  in  water  and  in  acids,  but  soluble  in 
ammoniacal  and  fixed  alkaline  solutions,  provided  it  has  not  been  calcined. 

The  sulphurets  and  chlorides  of  tungsten  are  not  important. 

MOLYBDENUM. 

Equivalent  or  atomic  weight .        .        .46 
Specific  gravity 8'6 

Preparati(m,'^{l)  By  transmitting  a  current  of.  hydrogen  gas  over  either  of  the 
oxygen  compounds  of  molybdenum  contained  in  a  poroelain  tube,  and  heated  to  redness. 

(2)  By  mixing  either  of  the  oxygen  compounds  of  molybdenum  with  charcoal 
powder  and  oil,  and  heating  the  mixture  strongly  in  a  crucible  lined  with  charcoal. 

Properties. — A  brittle  white  metal  of  great  infosibility,  and  changing  by  absorption 
of  oxygen,  when  heated  in  atmospheric  air,  into  molybdic  acid. 

Compounds  of  Molybdenum  with  Oxygen. 

Three  oxygen  compounds  of  molybdenum  are  known,— the  protoxide,  the  binoxide, 
and  molybdic  acid. 

Protoxide  of  Molybdenum— (^0), 

Preparation. — ^Hydrochloric  acid  is  poured  into  a  solution  of  molybdate  of  potash, 
soda,  or  ammonia,  until  all  the  molybdic  acid  first  thrown  down  is  redissolved.  A 
sheet  of  zinc  now  being  immersed  in  the  liquor  speedily  colours  it  black,  owing  to  the 
generation  in  it  of  chloride  of  zinc  and  protochloride  of  molybdenum.  Ammonia  is 
now  to  be  dropped  in  until  the  liquid  becomes  colourless,  and  all  the  molybdenum  has 
been  thrown  down  in  the  condition  of  protoxide.  The  latter  must  be  collected,  rapidly 
washed  and  dried  without  atmospheric  contact. 
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Binoxide  of  Molybdemm — (MO2). 
Preparation,— f^)  By  the  applicatiim  of  heat  to  moljbdate  of  ammonia  contaiiied  in 
a  closed  vessel. 
2  (2)  By  calcinxx^  a  mixture  of  molybdafee  of  soda  and  sal-ananoBiae, 
Propertieg. — ^Binoxide  of  molybdenum  is  a  reddish-brown  crystalline  powder^  which 
unites  with  water  and  generates  a  hydrate,  something  hke  hydrate  of  peroxide  of  iron. 

MoUfhdic  Add, 

This  lA  the  most  important  of  all  the  oxygen  compounds  of  molybdenum ;  and  £rom 
ity  as  we  haye  seen,  the  other  oxygen  compounda  oi  the  metal  are  generated. 

Preparation, — ^It  has  been  stated  that  when  metallic  molybdeniunis  strongly  heated 
in  the  presence  of  atmospheric  air  itbeoomeaoonyertedinto  molybdic  acid ;  practically 
howeyer^  the  preparation  of  molybdic  acid  is  anterior  to  that  of  molybdenum,  and  is 
conducted  as  follows : — ^Native  bisulph^ret  of  molybdenum,  }£o  S^  is  digested  with 
hot  nitrohydrochloric  acid,  by  which  tceotmeot  the  sulphur  of  the  mineral  is  con- 
verted into  sulphuric  acid,  and  the  molybdenum  into  molybdic  acid.  The  whole  is 
evaporated  to  dryness,  and  the-  residue  being  digested  with  ammonia,  molybdate  of 
ammonia  is  formed,  and  may  be  obtained  in  crystals  by  evaporation.  By  strongly 
heating  molybdate  of  ammonia  in  the  presence  of  atmospheric  air,  decomposLtLon 
ensues,  ammonia  is  evolved,  and  molybdic  acid  remains. 

Properties. — A  white  powder,  wluch  may  be  volatilized  at  a  strong  red  heat;  but 
with  difficulty.  When  recently  precipitated  from  solutions  containing  it,  molybdic 
acid  is  slightly  soLubls  in  water,  but  completely  insoluble  in  that  liqmd,  after  having 
been  calcined.  It  is  more  soluUe  in  acids,  nevertheleas  it  does  not  act  as  the  basic 
constituent  of  any  well-defined  and  permanent  salts. 

VAKADnns. 

Equivalent  or  atomic  weight    .        .        .        .        68*6 
Specific  gravity uncertain 

Tanadium  is  a  rare  metal,  which  occurs  in  combination  with  iron  in  certain  parts 
of  Sweden,  and  also  associated  with  lead,  as  vanadiate  of  the  oxide  of  that  metal. 

Preparation  of  Tanadium, — (1)  By  heating  vanadic  acid  with  potassium  in  a 
platinum  crucible,  and  acting  on  the  residue  with  water,  by  which  treatment  potash  is 
dissolved  out,  and  vanadium  remains. 

(1)  By  transmitting  ammoniacal  gas  over  chhnride  of  vanadium  heated  to  redness 
in  a  glass  tube. 

Properties. — ^A  white,  brittle,  lustrous  metal,  highly  infusible,  and  very  unchange- 
able, not  being  acted  upon  by  air,  water,  sulphuric,  nitric,  or  hydrofluoric  acid ;  nitro- 
hydrochloric acid  dissolves  it  however,  generating  a  blue  solution. 

Compounds  of  Vanadium  with  Oxygen. 

"    Three  of  these  compounds  are  Imown — ^Protoxide  of  vanadium,  VO ;  binoxide  of 
vanadium,  VO^;  and  vanadic  acid,  VO3. 

Protoxide  of  Vanadium, 
Preparation. — By  heating  vanadic  acid  in  a  current  of  hydrogen  gas. 


Digiti 


zed  by  Google 


COFFER. 


487 


BmoscUk  of  VmmUum, 

Preparation. — (1)  By  mmug  ten.  parts  protoxide  of  vanadium  with  twelve  of  vana- 
dic  acid,  and  heating  the  mixture  in  a  vessel  holding  carbonic  acid  gas. 

(2)  Thrown  down  as  a  hydrate  by  the  addition  of  carbonate  of  soda  to  any  salt  con- 
taining the  binoxide  as  base.  ^ 

Properties The  anhydrous  binoxide  is  a  black  powder,  which,  if  exposed  to  the 

atmosphere,  and  especially  if  heated,  absorbs  o^gen,  and  becomes  vanadic  acid.  The 
hydrated  binoxide  is  a  grayish- white  powder,  changing  to  brown  by  exposure  to  the 
air,  from  absorption  of  oxygen. 

Vanadie  Acid. 

Preparation,-— By  dissolving  native  vanadiate  of  lead  in  nitric  acid,  the  fprmer  is 
decomposed,  nitrate  of  lead  being  generated,  axid  vaaadic  acid  set  free.  Water  being  now 
added  a  solution  of  nitrate  of  lead  results,  and  vanadic  acid  being  insoluble  remaina; 
being  impure,  however,  it  is  taken  up  by  ammonia  in  the  form  of  vanadiate  of  ammo- 
nia, crystallized  by  evaporation,  and  fmally  the  vanadiate  of  ammonia  decomposed  by 
heai,  wh^i  ammonia  is  expelled  and  pure  vanadic  acid  remains. 

iVoper^sM.^A  de^  orange-coloured  or  brown  powder,  almost  insolttble  in  water, 
ittore  aoluUe  in  adds  (although  it  does  not  yield  definite  salts  with  them),  but  readily 
combines  with  bases  forming  vanadiates,  of  which  those  containing  an  alkaline  beee 
are  soluble  in  water.  Vanadic  acid  is  a  powerfully  Oxidising  agent,  readily  imparting 
oxygen,  to  bodies  (diaracteriaed  by  a  strong  tend<mcy  to  appropriate  tiuit  element-HSUoh 
as  sulphurous  acid,  sugar,  alcohol,  &c. 

Vanadium  with  Chlorine — Chlorides  of  Vanadium, 

Two  chlorides  of  vanadium  are  known,  the  bichloride  and  the  teiehloride.  The 
former  is  prepared  by  dissolving  vanadic  acid  in  hydrochloric  acid,  transmittug  a  cuiv 
rent  of  hydiosulphuric  acid  gas  through  the  solution,  and  evaporating  to  dryness.  The 
ierohkNide  of  vanadium  results  when  a  cuirait  of  dried  chlorine  is  transmitted  over  a 
mixture  of  vanadic  acid  and  charcoaL  Bichloride  of  vanadium  is  a  brown  powder; 
terchloride  of  vanadium  a^yellow  volatile  Hquid. 


Atomic  or  equivalent  weight        .        .        .  31*7 
Specific  gravity 8*76  to  8*96 

This  very  important  and  anciently  known  metal  occurs  in  many  parts  of  the  world, 
though  Russia,  Sweden,  and  the  island  of  Cuba  yield  it  in  greatest  pu^ty.  Native 
copper  is  not  unfrequent,  but  the  metal  more  frequently  occurs  in  combination  with 
oxygen,  sulphur,  and  arsenic ;  carbonate  of  copper  also  exists,  though  it  is  more  rare. 
About  half  the  total  amount  of  copp^  annually  manufactured  is  produced  in  South 
Wales,  from  copper  ores  brought  from  Cornwall,  Australia,  New  Zealand,  and  many 
other  localities.  South  Wales  became  the  head  quarters  of  copper  smelting  on  account 
of  the  immense  coal  fields  of  that  district  The  practice  of  Welsh  copper  smelting  is 
complex  and  ingenious ;  .the  principle  which  it  involves  is,  however  simple,  and  may 
be  rendered  intelligible  by  the  general  statement,  that  whilst  iron,  one  of  the  impurities 
associated  with  the  greater  number  of  copper  ores,  has  a  tendency  to  unite  with  oxygen 
when  strongly  heated,  copper  unites  under  similar  circuoutances  with  sulphur,    litis 
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mixed  product  being  heated  in  contact  with  siliceous  matter,  silicate  of  oxide  of  iron 
forms,  melts,  and  rises  to  the  surface,  whilst  sulphuret  of  copper  still  undecomposed 
sinks  below.  When  the  iron  slag  (silicate  of  oxide  of  iron)  has  been  removed,  the 
furnace  heat  is  raised  sufficiently  to  effect  the  decomposition  of  sulphuret  of  copper 
into  sulphurous  acid,  which  escapes,  and  metallic  copper,  slightly  contaminated  with 
oxidtf  of  copper,  remains.  The  metal  holding  this  small  portion  of  oxide  is  deficient  in 
malleability,  hence  the  oxygen  of  the  oxide  must  be  removed ;  this  is  accomplished  by 
the  process  of  copper-refining,  as  it  is  termed.  The  rough  material  being  liquified  by 
fusion,  powdered  charcoal  is  added,  and  the  whole  stirred  by  a  green  wooden  pole. 
It  is  almost  unnecessary  to  remark,  that  the  pole  thus  circumstanced  bums,  evolving 
hydrogenous  matters,  and  yielding  carbon,  both  of  which  are  strongly  attractive  of 
oxygen,  the  removal  of  which  is  consequently  effected. 

Preparation  of  Copper  Chetniealiy  Pure. — By  transmitting  a  current  of  hydrogen 
gas  over  black  oxide  of  copper  heated  to  redness  in  a  tube  of  refractory  glass  or  of 
porcelain. 

Propertiee. — ^The  physical  properties  of  copper  are  familiar  to  most  persons.  Its 
colour  (red)  is  peculiar.  It  is  soft,  malleable,  and  ductile,  fusible  at  a  strong  red  heat, 
and  volatilizes,  when  heated  to  whiteness  \  the  vapour  burning  with  a  characteristic 
green  flame.  Copper  being  frequently  employed  for  the  manufacture  of  culinary 
yessels,  the  changes  which  it  undergoes  when  exposed  to  common  chemical  agents 
demand  attentive  study.  Perfectly  dry  air  does  not  tarnish  copper,  but  exposed  to 
moist  air,  a  greenish  deposit  of  carbonate,  and  oxide  of  copper  results,  to  which  the 
general  term  verdigris  is  sometimes  applied,  though  in  the  rigid  language  of  chemistry 
it  should  be  restricted  to  indicate  acetate  of  oxide  of  copper.  Acid  and  ammoniacal 
fiimes  rapidly  act  on  copper  surfaces,  generating  crusts  of  varying  composition,  but 
participating  in  the  characteristic  of  being  extremely  poisonous.  Oils  also  act  upon 
copper  surfaces,  and  what  is  remarkable,  the  action  is  more  vigorous  at  low  than  at 
high  temperatures;  hence,  food  prepared  in  copper  vessels  should  never  be  allowed  to 
grow  cold  in  them.  The  best  antidote  to  poisoning  by  copper  is  white  of  e^^  beat  up 
with  water,  and  copiously  administered,  followed  by  an  emetic — a  dessert-spoonful 
of  mustard  mixed  with  a  quart  of  warm  water,  and  freely  swallowed,  is  efficient. 

Combinations  of  Copper  with  Oxygen — Oxides  of  Copper, 

There  are  four  compounds  of  copper  with  oxygen — the  suboxide,  protoxide,  bin- 
oxide,  and  cupric  acid. 

Suboxide  of  Copper — (CujO), 

This  oxide  occurs  native,  both  crystallized  and  amorphous ;  it  may  also  be  pre- 
pared artificially  by  the  following  processes  :— 

(1)  By  heating  in  a  crucible  a  mixture  of  protoxide  and  metallic  copper. 

(2)  By  heating  in  a  crucible  a  mixture  of  chloride  of  copper  and  carbonate  of  soda, 
and  acting  upon  the  fused  result  by  water,  which  dissolves  out  chloride  of  sodium  and 
carbonate  of  soda,  leaving  suboxide  of  copper. 

(3)  By  boiling  a  solution  of  any  protosalt  of  copper  with  sugar  and  solution  of 
potash,  when  the  suboxide  precipitates. 

(4)  As  a  hydrate,  having  the  composition  of  4CU2O  +  HO,  by  adding  solution  of 
potash  to  solution  of  protochloride  of  copper. 
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Properties, — ^This  oxide  of  copper  imparts  a  fine  red  tint  to  white  yitreous  matter, 
for  which  purpose  it  is  employed.  In  the  hydrated  condition  it  dissolves  in  ammonia, 
without  imparting  to  the  latter  a  blue  tint,  by  which  characteristic  it  may  be  distin- 
guished from  the  hydrate  of  the  protoxide  of  copper,  next  to  be  described.  The  am- 
moniacal  solution,  howeyer,  if  exposed  to  the  air,  absorbs  oxygen,  protoxide  is  formed, 
and  the  colour  of  the  solution  changes  to  blue. 

Protoxide  of  Copper— {CuO), 

Preparation, — (1)  By  heating  metallic  copper  exposed  to  the  air. 

(2)  By  strongly  igniting  nitrate  of  copper. 

(3)  As  a  pale  green  hydrate,  by  adding  potash,  soda,  or  ammonia  to  any  solution 
holding  protoxide  of  copper.  This  hydrate,  if  boiled  in  the  solution  from  which  it 
has  been  precipitated,  or  if  collected  and  heated,  loses  its  water  of  hydration,  and  is 
converted  into  the  anhydrous  protoxide. 

Properties. — The  protoxide  of  copper  is  a  black  powder,  somewhat  hygrometric, 
and  which  readily  yields  up  its  oxygen  when  heated  in  close  vessels  along  with  carbon, 
hydrogen,  and  some  other  bodies  which  have  the  tendency  to  unite  with  oxygen ;  a 
property  taken  advantage  of  in  the  ultimate  analysis  of  organic  bodies.  It  combines 
with ,  acids,  and  forms  well-defined  salts,  mostly  crystalline,  and  blue  or  green. 
Hydrated  protoxide  of  copper  dissolves  in  ammonia,  with  the  generation  of  a  blue 
solution,  which  is  very  characteristic. 

Binoxide^  sometimes  called  deutoxide  of  copper  (CuO^),  is  a  compound  of  no  practical 
importance,  formed  by  acting  on  the  hydrate  of  protoxide  of  copper  by  binoxide  of 
hydrogen.    It  is  a  yellowish-brown  powder. 

Cuprie  Acid, 

The  atomic  constitution  of  this  compound  is  unknown.  Cuprate  of  potash  is  pre- 
pared by  heating  a  mixture  of  finely  divided  copper,  potash,  and  nitre,  and  acting  on 
the  solution  by  water ;  cuprie  acid,  however,  has  not  been  isolated. 

Cupreous  Salts. 

Suboxide  and  protoxide  of  copper  are  basic,  uniting  with  acids,  and  forming  well- 
defined  salts ;  binoxide  of  copper  is  neither  acid  nor  basic,  and  cuprie  acid  is  devoid  of 
all  basic  properties.  All  the  most  common  and  important  6alt8  of  copper  are  salts  of 
the  protoxide. 

Sulphate  of  Copper, 

This  important  salt  of  protoxide  of  copper,  known  by  the  popular  name  blue  vitrioly 
may  be  found  by  acting  upon  metallic  copper  with  sulphuric  acid.  It  is  very  largely 
employed  in  many  arts  and  manufactures,  especially  for  the  purpose  of  volta-electrio 
deposition,  or  the  electrotype  operation,  as  it  is  called.  Sulphate  of  copper  is  soluble 
in  four  parts  of  cold,  and  half  that  weight  of  boiling  water.  Crystals  of  sulphate  of 
copper  belong  to  the  doubly  oblique  system  of  Weiss  and  Mohs,  and  contain  five 
equivalents  of  water.  Four  of  the  equivalents  of  water  of  hydration  may  be  evolved 
by  heat,  but  the  fifth  lingers  with  great  obstinacy. 

Nitrate  of  Copper, 
A  salt  frequently  employed  in  the  laboratory,  is  made  by  dissolving  metallic  copper 
in  nitric  acid,  and  crystallizing  the  solution.    When  heated,  it  fii-st  changes  into  a 
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Bubnitrate,  having  the  composition  of  4CaO*N05 ;  but  if  the  heat  be  increaaed,  the 
elements  of  nitric  acid  are  completely  eyolyed,  anhydrous  protozide  of  copper  renudning. 

GarbottMUs. 

No  carbonate  of  copper  having  the  composition  of  one  eqniyalent  <ii  carbonic  acid 
united  with  one  atom  of  protoxide  of  copper  is  known.  The  precipitate  which  falLs 
when  solution  of  carbonated  alkaH  is  added  to  solution  of  protosalt  of  copper,  has  the 
composition  2CUOCO2  +  HO.  Two  hydrocarbonates  of  copper  occur  native :  one, 
malachite^  is  so  extensively  found  in  Siberia,  that  it  is  worked  as  a  copper  ore,  and  is 
employed  instead  of  marble  for  ornamental  tables,  brooches,  &c.,  occasionally,  too, 
fer  door  panels.  Malachite  has  a  composition  represented  by  the  fonnula 
CuO.COj  +  CuO.HO ;  a  second  hydrocarbonate  of  copper,  having  the  composition 
aCuO.OOj  ■+•  CuO.HO  is  found  crystallized  in  the  neighbourhood  of  Lyons ;  and 
when  finely  levigated  is  used  as  a  pigment.  A  compound  of  the  same  kind,  but  still 
more  pure,  is  made  artificially,  for  employment  as  a  pigment. 

jieetates  of  Gopper. 

There  are  several  compounds  of  acetic  acid  with  protoxide  of  copper.  The  neutral 
acetate  may  be  prepared  by  dissolving  protoxide  of  copper  in  acetic  acid,  and  evapo- 
rating the  solution,  when  crystals  form,  holding  either  one  or  five  equivalents  of  water 
according  to  the  temperature  at  which  crystalli2ation  is  effected.  Neutral  acetate  of 
copper  is  known  popularly  by  the  absurd  term  distilled  verdigris.  Many  sub-acetates  of 
copper  are  known  under  the  generic  term  verdigris,  and  are  generated  by  numerous 
processes. 

In  certain  parts  of  France  sub-acetate  of  copper  is  formed  by  moistening  leaves  of 
metallic  copper  with  impure  acetic  acid,  or  stratifying  them  with  the  husks  of  grapes, 
from  which  the  juice  has  been  extracted.  The  operation  is  conducted  in  a  pit  dug  in 
the  earth,  and  the  stratified  .copper  leaves,  after  remaining  for  a  period  of  two  or  three 
months,  are  taken  out,  moistened,  and  freely  exposed  to  the  atmosphere  for  the  purpose 
of  becoming  oxidised.  The  final  result  is  the  formation  of  a  crust  of  sub-acetate  of 
copper,  which  may  be  removed  by  scraping ;  and  the  copper  leaves,  by  further  restra- 
tification,  may  be  entirely  converted  into  sub-carbonate.  The  sub-acetate  thus  pro- 
duced is  said  by  Regnault  to  have  the  composition  indicated  by  the  formula  CuO. 
C4H3O3  +  CuO.  HO  -J-  5H0.  Water  decomposes  this  subacetdte  into  a  subsalt, 
having  the  following  compositiofi,  8CuO.  C4H3O,,  which  deposits,  and  a  solution 
containing  two  other  acetates,  having  the  respective  composition  of  CuO.  C4HSO3 
(neutral  acetate],  and  a  basic  sub-acetate  having  the  composition  of  3CuO.  2C4H3O3. 

Arsenite  0/  Copper  {SeheeUs  Green), 

'U^nder  the  head  of  arsenious  acid,  this  substance  has  been  mentioned  as  occurring 
when  ammoniacal  sulphate  of  copper  is  added  to  solution  of  arsenious  acid.  Potash  or 
soda  may  take  the  place  of  ammonia,  as  far  as  the  production  of  Scheele's  green  as 
a  pigment  is  concerned,  although  ammonia  is  the  alkali  which  should  be  had  recourse 
to  when  a  copper  salt  is  used  as  a  test  for  arsenious  acid.  On  the  large  scale, 
Scheele's  green  is  manufactured  by  dissolving  arsenious  acid  in  solution  of  carbonate 
of  potash,  and  adding  a  solution  of  sulphate  of  copper..  The  tint  of  Scheele's  green 
may  be  varied  by  varying  the  relative  amount  of  ingredients  used  in  making  it. 
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Copp^  fvith  Sulphur^  SulphureU  •r  Sulphides  of  Copper. 

Two  of  these  compounds  are  known,  one  corresponding  with  the  sub  or  di-oxide  of 
copper,  and  which  therefore  has  the  composition  of  Cu^S ;  the  other  correcfponding 
with,  the  protoxide  of  copper,  and  being  represented  by  the  formula  CuS. 

Disulphurei  of  Copper. 

Preparatkn. — ^When  copper  filings  or  turnings  are  strongly  heated  in  contact  with 
sulphur,  the  two  unite  with  brilliant  combustion,  yielding,  as  tiie  result,  the  compound 
Cf S.    This  sulphuret  is  found  natire^  and  crystallized. 

Prototulphuret  of  Copper. 

Pr^aratum,—By  transmitting  a  current  of  hydrosulphuric  acid  gas,  or  adding  a 
solution  of  hydrosulphuric  acid  or  hydrosulphate  of  an  alkali  to  a  solution  of  salt  of 
copper,  a  black  powd^  falls :  this  is  the  hydrated  protosulphuret  of  copper,  which 
cannot  be  prepared  by  the  dry  way,  nor  when  generated  by  precipitation  is  it  pcrma- 
iifint  in  the  air.  The  application  of  heat  drives  oif  one  equivalent  of  its  sulphur  and 
conveits  it  into  the  dUtdphuret,  A  combination  of  this  disulphuret  CujS  with  sul- 
phuret of  iron,  FcbS^  is  a  very  widely  distributed  copper  mineral,  the  well  known 
copper  pyritesy  from  which  by  far  the  major  portion  of  copper  is  extracted. 

Copper  with  Sydrogen  {Hydruret  of  Copper).     Copper  with  Nitrogen  {Nifruret  of  Copper), 

Both  tlidse  compounds  are  known  to  exist  and  may  be  prepared  artificially,  but  they 
are  of  small  importance,  and  need  not  be  further  commented  upon. 

Copper  tPtth  Ckhrin^~-CKhriek8  of  Copper. 

Two  comlnnations  of  chlorine  with  copper  are  known :  the  first  being  repreiented 
by  the  formula  Cu  CI,  and  coiresponding,  there^e,  with  the  sub  or  dinoxide  of  copper ; 
the  other  having  the  composition  of  Cu  CI,  and  corresponding,  therelore^  with  the  pro- 
toxide.   It  win  be  convenieat  to  give  priority  to  the  protocbloride. 

Protoehloride  of  Copper, 

Preparafwn.'-^{1)  By  dissolving  metallic  copper  in  nitro-hydxochknc  acid,  evapo- 
rating, and  setting  aade  to  crystallize. 

(2)  By  dissolving  oxide  of  copper  in  hydrochknc  acid,  evaporating  the  solution, 
and  setting  aside  to  crystaUize.  The  crystals  thus  generated  contain  two  equivalents 
of  water. 

(3)  Anhydrous  protoehloride  of  copper  is  generated  by  heating  copper  in  an  excess 
of  chlorine. 

Properties.^A  green  compound,  soluble  in  both  water  and  alcohol,  to  which  latter 
it  imparts  the  property  of  burning  with  a  green  flame. 

Sub'  or  IH'Chloride  of  Copper, 
PrepartUion. — (1)  By  boiling  a  mixture  of  copper  fiOdngs  with  protoehloride  of 
coppw. 

(2)  By  exposing  protoehloride  of  copper  to  heat,  when  one  atom  of  its  chlorine  is 
evolved,  and  di-chloride  of  copper  produced. 

(3)  By  adding  solution  of  protoehloride  of  tin  to  solution  of  protoehloride  of  copper, 
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an  excess  of  hydrochloric  add  being  present  to  guard  against  predpitaticm  of  oxide 
of  tin. 

Properties.  A  solid  body,  nOt  very  soluble  in  water,  more  readily  soluble  in  hydro- 
chloric acid,  and  with  still  greater  facility  in  solution  of  ammonia.  It  fuses  at  about 
750"  Fah.,  and  is  totally  volatilized  at  a  red  heat.  Exposed  to  the  air  it  rapidly 
decomposes,  generating  a  compound  of  protoxide  and  protochloride  of  copper.  A 
solution  of  di-chloride  of  copper  in  Equor-ammoniae  is  sometimes  employed  for  the 
purpose  of  abstracting  oxygen  from  atmospheric  air  or  other  gaseous  mixtures. 

General  Character istict  of  Copper  in  Solution,— We  may  confine  our  attention  to  the 
protosalts  of  copper,  inasmuch  as  these  alone  will  occur  in  the  course  of  ordinary 
investigation : — 

(1)  Ferrocyanide  of  potassium  affords  a  mahogany-brown  precipitate,  which  is 
very  characteristic,  inasmuch  as  the  solutions  of  four  metals  only  develope  an  appear- 
ance which  is  similar ;  they  are  copper,  uranium,  titanium,  and  molybdenum. 

(2)  Solutions  of  potash  and  of  soda  throw  down  a  pale  blue  hydrate,  which  on 
boiling  assumes  a  blackish  hue. 

(3)  Solution  of  ammonia  also  precipitates  the  hydrated  oxide,  soluble  in  excess  of 
ammonia,  generating  a  solution  with  a  purplish-blue  tint.  The  evidence  of  this  or 
the  preceding  test,  taken  in  conjunction  with  No.  1,  leaves  no  doubt  as  to  the  presence 
of  copper. 

(4)  Solutions  of  carbonates  of  the  fixed  alkalies  yield  a  pale  blue  precipitate, 
insoluble  in  excess  of  precipitant. 

(5)  Hydrosulphuric  acid  and  hydrosulphuret  of  ammonia  throw  down  a  black 
sulphuret  of  copper. 

AUiOTS  OF  OOPPES. 

The  alloys  of  copper  with  other  metals  are  numerous  and  important  Hany  of 
them  were  known  and  manu£EUitured  long  before  iron  and  steel  came  into  use,  not  only 
serving  for  purposes  to  which  copper  alloys  stiU  continue  to  be  applied,  but  many 
others  to  which  they  are  less  adapted.  For  example,  cutting  instruments  were  anciently 
made  of  copper  alloys — ^varieties  of  bronzes.  The  late  Sir  Francis  Chantrey  devoted 
great  attention  to  the  subject  of  cutting  bronzes ;  and  in  order  to  prove  how  weU. 
adapted  a  bronze  might  be  made  to  the  cutlers'  uses,  he  caused  a  bronze  razor  to  be 
fashioned,  and  shaved  with  it  during  many  years.  Modem  brass,  pinchbeck,  and 
tombec,  are  alloys  of  copper  with  zinc.  Brass  of  the  ancients  contained  no  zinc,  but 
was  an  alloy  of  copper  and  tin.  We  should  term  an  aUoy  of  this  kind  bronze.  Gun- 
metal  is  an  alloy  of  eleven  parts  tin  and  one  hundred  of  copper ;  bell-metal  contains 
about  twice  that  quantity  of  tin ;  and  gong-metal  somewhat  less.  The  metal  for 
telescope  mirrors  contains  about  thirty-three  per  cent  of  tin,  and  statue  bronze  con- 
tains only  about  two  per  cent,  of  tin,  melted  with  ninety-one  per  cent  of  copper,  six 
per  cent  of  zinc,  and  one  per  cent  of  lead.  Under  the  head  of  tin  alloy  of  copper 
must  here  be  noticed  tinned  copper  surfaces.  The  operation  of  sheathing  the  surfaces 
of  copper  vessels  to  be  employed  in  culinary  operations  with  a  tinned  coating  is  one  of 
great  importance,  and  easily  .conducted.  The  copper  to  be  tinned  is  heated  over 
burning  charcoal,  smeared  with  sal-ammoniac,  and  tin  rubbed  upon  it  by  means  of  tow, 
hemp,  or  a  cloth.  The  tin  adheres  easily,  completely  sheathing  the  copper,  and  totally 
preventing,  while  it  lasts,  the  occurrence  of  cupreous  impregnation.  Care,  however, 
should  be  taken  to  discover  the  first  appearance  of  tin  abrasion,  inasmuch  as  the  copper 
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surfaces  from  which  patches  of  tin  have  been  removed  are  more  soluble  than  if  no  tin 
were  in  their  yicinity,  on  account  of  the  yoltaic  action  set  up  between  the  two  metals 
in  presence  of  a  liquid  solvent  for  copper. 

MBKCUBT,    OB  QUICKSILVER. 

Equivalent  or  atomic  weight        .        .        .        .100 
Specific  gravity 13*596 

This  metal  is  remarkable  in  being  the  only  one  which  melts  at  a  temperature  lower 
than  any  naturally  occurring,  except  nearly  in  polar  latitudes ;  hence  the  inhabitants 
of  temperate  climes  never  meet  witii  it  in  any  other  condition  but  that  of  liquidity, 
except  artificial  means  have  been  adopted.  Mereury  can  be  frozen  in  any  state  of  the 
atmosphere  by  certain  freezing  mixtures  known  to  the  chemist,  amongst  which,  per- 
haps, a  mixture  of  finely  broken  ice  and  crystallized  chloride  of  calcium  is  most  con- 
venient A  mixture,  however,  of  solidified  carbonic  acid  with  sulphuric  ether  is  more 
rapid  in  its  action.  The  freezing,  and,  consequently,  the  melting,  point  of  mercury, 
for  they  are  necessarily  identical,  corresponds  with  about  the  fortieth  degree  below  zero 
of  Fahrenheit's  scale,  or  —  40"  Fah. 

The  physical  relations  of  mercury  are  of  especial  value  to  be  studied  by  the  chemist, 
inasmuch  as  this  metal  enters  into  the  formation  of  two  of  his  most  useful  instru- 
ments— the  barometer  and  the  thermometer.  The  exact  amount  to  which  a  given 
volume  of  mercury  expands  for  given  degrees  of  temperature,  is  of  the  highest  import- 
ance, as  I  have  had  occasion  to  mention  in  an  early  part  of  this  treatise,  when 
describing  the  mercurial  thermometer,  to  which  part  the  student  may  now  turn  with 
advantage. 

Mercury  boils  somewhere  about  660"  Fah.,  and  then  becomes  totally  converted  into 
vapour ;  but  a  portion  of  mercury  is  vaporized  at  ordinary  temperatures,  even  under 
the  usual  atmospheric  pressure  of  about  15  lb.  avoirdupois  to  every  square  inch  of  sur- 
face. In  vacuo  the  evaporation  of  mercury  at  ordinary  temperatures  ensues  with  still 
greater  rapidity.  Mercury,  as  found  in  commerce,  is  seldom  pure,  and  as  absolute 
purity  is  indispensable  for  mercury  designed  for  barometric  and  thermometric  uses, 
also  for  many  other  purposes,  nxmierous  means  of  purification  have  been  devised.  Con- 
sidering the  great  volatility  of  mercury  in  comparison  with  other  metals,  the  process  of 
distillation  would  seem  to  be  that  most  obviously  indicated.  Distillation  indeed,  is 
frequently  had  recourse  to,  and  it  serves  to  efiect  the  separation  of  a  large  amount  of 
impurities.  The  last  traces,  however,  cannot  be  separated  by  this  means,  because 
many  substances  are  volatilized  when  heated  in  contact  with  others  of  easy  volatility, 
although  they  cannot  be  volatilized  when  alone  at  the  temperature  in  question.  This 
remark  applies  to  the  distillation  of  impure  mercury. 

Mercury  may  be  completely  purified  by  pouring  upon  its  surface,  and  allowing  to 
remain  for  some  days,  a  mixture  of  one  volume  of  aquafortis  and  two  of  water ;  this 
liquid  dissolves  the  impurities,  but  not  the  mercury.  The  makers  of  thermometers  and 
barometers  efiSsct  the  purification  of  their  quicksilver  by  this  means. 

When  small  quantities  of  mercury  have  to  be  purified,  that  result  may  be  accom- 
plished by  the  following  mixed  process.  First  take  some  filtering  paper,  fold  it  into  a 
conical  shape,  then  cut  off  the  apex  of  the  cone  so  as  to  leave  a  very  small  orifice.  By 
pouring  mercury  into  the  cone  and  allowing  it  to  flow  through  the  aperture,  many  of 
the  superficial  impurities  will  be  filtered  away  and  remain  adherent  to  the  sides  of  the 
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cone.  The  mercnry,  thus  partially  purified,  is  to  be  poured  into  a  bottle  of  large  oom- 
paratiTe  capacity-  and  strongly  agitated,  the  stopper  being  remoTed  firom  time  to  tiaiey 
for  the  purpose  of  admitting  a  fresh  supply  of  air.  By  this  treatment  the  metallic 
impurities  contained  in  quicksilver  are  oxidised,  whilst  the  mercury  itself  remains  un- 
acted upon.  A  peculiar  rattling  sound  indicates  when  the  operation  of  shaking  has 
been  continued  sufficiently  long.  When  nothing  more  remains  to  be  oxidised,  the 
mercury  should  be  poured,  as  before,  through  the  pap^r  cone.  Mercury,  holding  but  a 
slight  portion  of  any  impurity,  dissolved,  loses  its  property  of  cohering  into  globular 
drops  when  poured  upon  a  flat  surface,  and  assumes  the  peculiar  appearance  designated 
by  the  expressive  tenn  taUinff,  that  is  to  say  each  mercurial  aggregation  is  not  a  globule 
but  an  irregularly  elongated  bar  or  tail. 

Mercury  is  a  somewhat  rare  metal,  the  localities  yielding  it  hdng  comparatively 
few.  In  Europe,  the  Spanish  mines  of  Ahnaden  in  La  Maneha,  and  the  mines  of 
Idria  are  ancient  and  celebrated.  For  a  long  period  they  continued  to  supply  the 
total  amount  of  mercury  employed  in  the  civilized  world ;  but  the  quicksilver  mines 
of  Mexico  and  California  have  now  sprung  into  importance.  Native  mercury  some- 
times occurs,  though  rarely  ;  the  greater  amount  of  mercury  is  reduced  from  native 
sulphuret  of  the  metal  (cinnabar). 

Mercury  is  not  oxidised,  or  otherwise  altered,  by  exposure  to  the  atmosphere  at 
ordinary  temperatures ;  but  if  heated  to  something  about  its  boiling  point  for  a  long 
time  together — ^weeks,  or  even  more— it  gradually  absorbs  oxygen,  and  is  raised  to  its 
highest  grade  of  oxygenation.  This  oxide,  when  exposed  to  a  still  higher  degree  of 
heat  evolves  the  whole  of  its  oxygen,  and  is,  therefore,  oecasionally  employed  as  a 
source  from  which  to  obtain  oxygen  gas.  Neither  hydrochloric  nor  sulphuric  acids, 
when  diluted,  exercise  a  perceptible  solvent  effect  on  mercury ;  mixed  with  strong  oil  of 
vitriol  and  boiled  the  acid  is  decomposed,  sulphurous  acid  being  evolved,  and  sulphate 
of  oxide  of  mercury  remaining. 

Combinations  of  Mercury  with  Oxygm-^OxieUs  of  Mercury, 
Two  oxides  of  mercuiy  are  known, — one  black,  the  other  red ;  concerning  the  per- 
centage composition  of  these  oxides  there  is  no  uncertainty,  but  th^  atomic  consti- 
tution is  still  open  to  some  doubt,  certain  chemists  regarding  the  black  oxide  as  the 
sub,  or  dioxide,  and  the  red  oxide  as  the  protoxide  of  mercury :  whilst  others  recognize 
the  former  to  be  the  real  protoxide,  and  consider  the  red  compound  as  a  true  peroxide 
of  mercury.  This  doubtfulness  is  much  to  be  regretted,  inasmuch  as  it  has  produced  a 
confusion  of  terms  between  two  important  medicinal  agents, — calomel  and  corrosive 
sublimate.  Now  calomel  is  quasi  harmless,  but  corrosive  sublimate  is  a  tenible 
poison ;  hence,  any  circumstance  tending  to  the  confusion  of  terms  indicating  these 
bodies  is  of  grave  importance.  The  same  train  of  reasoning  which  leads  to  doubts  as 
between  the  respective  claims  of  black  and  red  oxide  of  mercury  to  the  appellation  of 
proto  or  peroxide,  also  applies  to  the  two  chlorides.  Hence  cidomel,  formerly  called 
the  sub-chloride  of  mercury,  afterwards  the  proto-chloride,  becomes  the  sub-  or  di- 
chloride, — ^if  the  black  oxide  of  mercury  be  recognized  as  the  di-  or  sub-oxide,  and 
corrosive  sublimate,  formerly  called  the  oxymuriate  of  mercury,  then  the  bi-chloride  of 
mercury  becomes  the  Chlobide  of  Mebouht  !  the  very  name  by  which  calomel  is 
generally  known  at  the  present  time.  This  instance  goes  far  to  demonstrate  the 
general  impropriety  of  designating  chemical  compounds,  used  medicinally,  by  names 
indicative  of  Uieir  composition ;  as  between  the  expressions  *'  eahmel"  and  **  eorrosk^ 
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subUmaie  "  there  can  be  no  mistake ;  but  the  chemical  expressions  indicatiye  of  these 
bodies  are  subject  to  change,  according  to  a  prevailing  theory.  For  chemical  reasons, 
much  too  long  and  numerous  for  indication  here,  I  am  disposed  to  treat  of  the  black 
oxide  of  mercury  as  the  sub-oxide  HgoO,  and  the  red  oxide  as  the  protoxide  HgO- 

JSlack  Oxide  [Suboxide  or  Dinoxide)  of  Mercury, 

Preparation, — (1)  By  adding  solution  of  potash  or  of  soda  to  solution  of  neutral 
subnitrate  of  mercury.  (2)  By  adding  solution  of  caustic  potash,  or  soda,  or  lime, 
baryta,  or  strontia  water  to  calomel.  Lime-water  and  calomel  constitute  the  lotion 
known  in  medical  and  surgical  practice,  as  the  hlaek  waeK 

Tteperiies, — A  dark  brown,  almost  black,  powder,  which  slowly  decomposes  when 
exposed  to  light,  yielding  metallic  mercury  and  the  red  oxide  of  that  metal. 

Salts  containing  Sub-oxide  of  Mercury. 
This  oxide  combines  with  most  acids,  giving  rise  to  well  defined  salts.  Sulphate 
of  sub-oxide  of  mercury  is  generated  by  heating  concentrated  oil  of  yitriol  with  the 
metal  in  excess,  or  adding  oil  of  yitriol  to  the  sub-nitrate.  Nitrate  of  sub-oxide  of  mer- 
cury is  formed  when  cold  by  adding  dilute  nitric  acid  to  metallic  mercury,  the  acid  being 
in  excess.  The  composition  of  this  salt  is  HgjO  NO,  -{-  2H0.  If  the  mercury  be  in 
excess,  a  finely  crystalline  basic  nitrate  deposits,  having  the  composition  3Hg20  2NO5 
-f  3H0.  Both  these  salts  are  decomposed  by  the  addition  of  water,  a  yellow  sub- 
nitrate  being  in  either  case  thrown  down ;  indeed^  a  leading  characteristic  of  the  salts 
of  sub-oxide  of  mercury,  and  many  of  the  salts  of  protoxide  of  mercury,  is  their  easy 
decomposition  on  the  addition  of  water. 

Bed  Oxide  [Protoxide)  of  Mercury, 
Preparation, — (1)  By  heating  mercury  for  many  weeks  consecutiyely  in  a  flask 
provided  with  a  long  neck,  to  a  degree  somewhat  under  the  boiling  point  of  the  metal. 
The  product  of  this  operation  is  deep  red  and  crystalline,  and  constitutes  the  red  pre- 
cipitate of  the  older  chemists.  Formerly  when  many  chemical  operations  and  forms  of  , 
apparatus  were  designated  by  fanciful  names,  the  long-necked  flask  employed  in  this 
operation  was  called  Boyle's  Sell, 

(2)  By  cautiously  heating  any  of  the  nitrates  of  mercury  until  the  last  traces  of 
nitric  acid,  or  its  elements,  are  expelled.  If  a  nitrate  of  a  sub-oxide  be  the  material  em- 
ployed, the  sub-oxide  absorbs  the  necessary  amount  of  oxygen  to  raise  it  to  the  condition 
of  protoxide.  The  product  of  this  decbmposition  is  paler  than  that  generated  by  process 
No.  1,  and  its  tint  is  not  so  fine.    Traces  of  nitric  acid,  moreover,  usually  remain. 

(3)  By  the  addition  of  solution  of  potash,  soda,  lime,  baryta,  or  strontia  (lime, 
baryta,  or  strontia  water),  to  a  solution  of  chloride  of  mercury  (corrosive  sublimate). 
The  oxide  resulting  from  this  treatment  is  red,  but  not  crystalline  like  the  preceding. 
If  lime-water  be  employed  in  generating  it,  the  result  constitutes  what  is  termed 
yellow  wash  in  medical  and  surgical  practice. 

Properties. — All  the  leading  qualities,  physical  and  chemical,  of  this  oxide, 
have  been  already  described.  Its  colour  (red)  and  its  property  of  separating  into 
metallic  mercury  and  oxygen  when  heated,  are  amongst  the  most  remarkable.  Bed 
oxide  of  mercury  can  assume  two  allotropic  or  isomeric  states,  distinguishable  in  the 
course  of  certain  chemical  operations.  The  red  oxide  generated  by  the  moist  process, 
or,  in  other  words,  by  precipitation,  combines  with  cold  solution  of  oxalic  acid,  which 
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exerts  no  action  upon  the  other  varieties  ;  it  is  besides  more  easily  attacked  by  chlorine 
than  they  are. 

Salts  of  Frotoxide  of  Mercury,    Nitrates  of  Mercury, 

Preparation. — ^When  mercury  is  boiled  with  excess  of  nitric  acid,  solution  of  neutral 
nitrate  of  protc»xide  of  mercury  (protonitrate  of  mercury)  results.  If  this  solution,  how- 
ever, be  evaporated,  crystals  of  a  basic  protonitrate  having  the  composition  2HgO  NO5 
+  2H0  are  formed.  The  only  known  method  of  obtaining  crystalline  neutral  proto- 
nitrate from  the  preceding  solution  consists  in  immersing  the  latter  in  a  freezing  mix- 
ture. Both  these  nitrates  are  decomposed  by  dilution  with  water,  the  result  being  a 
white  sub-nitrate,  having  the  composition  SHgO  NO5  -H  HO.  Solution  of  proto- 
nitrate of  mercury  may  be  reduced  to  the  condition  of  solution  of  nitrate  of  the  sub- 
oxide HggO  NO4  by  boiling  with  more  mercury. 

Sulphate  of  Protoxide  of  Mercury^, 
This  compound  has  already  been  cursorily  mentioned.  It  is  prepared,  as  we  have 
seen,  by  boiling  metallic  mercury  with  strong  sulphuric  acid.  The  product  should  be 
heated  in  a  sand-bath  until  copious  fumes  of  sulphuric  acid  are  evolved,  and  the 
material  becomes  dry,  otherwise  the  result  may  probably  be  contaminated  with  a  little 
sulphate  of  the  suboxide.  Sulphate  of  protoxide  of  mercury  is  an  important  material 
as  constituting  the  basis  of  fabrication  of  both  corrosive  sublimate  and  calomeL 

Suhsulphate  of  Protoxide  of  Mercury  {Turbeth*Sy  or  TurpetKs  Mineral). 
Many  salts  of  mercury  have  the  property,  as  we  have  seen,  of  suffering  decom- 
position when  water  is  added.     Sulphate  of  protoxide  of  mercury  is  in  this  category, 
and  the  yellow  powder  thrown  down  is  suhsulphate  of  protoxide.    Its  composition  is 
represented  by  the  formula  SHgO.SOa. 

Fulminate  of  Mercury j  or  Fulminating  Mercury, 
This  salt  is  a  compound  of  an  acid,  termed  fulminicy  with  protoxide  of  -mercury. 
Since  the  general  adoption  of  the  percussion  principle  in  fire-arms,  fahninate  of  mer- 
cury has  become  an  important  article  of  manufacture. 

Preparation, — In  general  terms  it  may  be  said  that  fulminate  of  mercury  is  pre- 
pared by  treating  a  solution  of  protonitrate  of  mercury  with  strong  alcohoL  Various 
details  for  manufacturing  it  exist ;  but  the  following  proportions  and  .directions  answer 
well :  dissolve  100  grains  of  mercury  in  a  measured  ounce  of  strong  nitric  acid,  and, 
whilst  yet  hot,  suddenly  pour  it  upon  a  measured  ounce  and  a  half  of  alcohol,  nearly 
absolute,  contained  in  a  flask  or  bottle  of  not  less  than  three  quarts  capacity,  and 
placed  under  a  hood,  or  in  the  open  air,  but  not  exposed  to  the  sun's  rays.  The  action 
which  ensues^  wiU  be  most  violent,  but  not  dangerous.  Torrents  of  nitrous  gases  will 
be  evolved,  also  some  nitrous  ether,  and  other  complex  products.  When  the  action 
has  ceased,  and  the  bottle  has  become  moderately  cool,  about  a  pint  of  cold  distilled 
water  is  to  be  poured  in,  and  the  whole  of  the  contents  of  the  bottle,  of  |which  the 
fulminate  of  mercury  is  one,  thrown  upon  a  filter  to  be  well  washed.  The  safest 
method  of  retaining  this  dangerous  compound  is  to  keep  it  moist  with  water  in  a 
wooden  or  card-board  box.  Hard  bodies  should  never  be  allowed  to  touch  it,  but 
portions,  when  wanted,  should  be  scooped  out  by  means  of  strips  of  paper  or  card. 

Large  quantities  of  the  fulminate  of  mercury  are  made  in  the  Channel  Islands,  on 
account  of  the  low  price  of  alcohol  there.  Mr.  Taylor,  the  chief  manufacturer  of  the 
substance  in  Guernsey,  informs  me  that  it  is  sent  to  England  packed  in  canvas  bags, 
surrounded  with  wet  straw,  in  a  hamper. 
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The  compound  wherew^ith  percussion  caps  are  filled  is  not  pure  fulminate  of 
mercury,  but  an  intimate  mixture  of  that  substance  with  about  -x^ths  of  its  weight  of 
saltpetre.  The  two  materials  moistened  with  water  are  liyigated  together  on  a  marble 
table  with  a  wooden  muUer.  ^ 

Chloride  of  M^cury  {Corrosive  SubUmate,) 

^_  This  is  an  important  mercurial  preparation,  not  only  as  regards  the  numerous  uses 
to  which  it  is  immediately  applied  in  medicine  and  the  arts,  bnt  as  constituting  the 
basis  of  preparation  of  the  important  medicinal  substance  calomel. 

IVeparation. — (1)  By  heating  mercury  in  an  atmosphere  of  chlorine. 

(2)  By  dissolving  oxide  of  mercury  (red  oxide)  in  hydrochloric  acid  and  eyapo- 
rating  to  crystallization. 

(3)  By  subUming  a  mixture  of  equal  parts  of  sulphate  of  mercury  and  common 
salt.  This  is  the  plan  usually  followed  in  practice,  and  the  decomposition  which 
ensues  is  thus  represented : —  . 

1  eq.  Sulphate  (  j  ^ercu^  — :^  1  Corrosive  sublimate 

of  mercury    ^ig^^^^eacid 

1  Chloride  of   C 1  Chlorii: 

sodium       ( 1  Sodium    ^  1  Soda -^^  1  Sulphate  of  soda 

liropertiei.-'A  colourless  crystalline  body,  haying  a  specific  gravity  of  6*5.  It  fbaee 
at  about  509°  Fah.  Its  vapour,  which  is  colourless,  has  a  specific  gravity  of  about 
9*42,  referred  to  atmospheric  air  as  unity.  Corrosive  sublimate  requires  about  16  parts 
of  cold,  and  3  parts  of  boiling  water,  for  solution.  Alcohol  and  ether  both  diBSolve  it 
in  greater  quantities,  3  parts  of  the  latter,  cold,  dissolving  one  part  of  corrosive  subli- 
mate. The  solubility  of  corrosive  sublimate  in  ether  is  a  very  important  quality, 
frequently  taken  advantage  of  in  the  extraction  of  that  body  from  complex  organic 
matters.  Corrosive  sublimate  has  the  property  of  combining  with  albumen  and  i 
some  other  organic  matters,  forming  with  them  compounds  nearly  insoluble  in  water 
and  in  the  usual  contents  of  the  stomach ;  hence  albumen  (white  of  egg),  is  an  anti- 
dote to  poisoning  by  this  dangerous  substance.  A  solution  of  protochloride  of  tin 
being  poured  into  one  of  corrosive  subUmate  the  latter  is  first  converted  into  calomel ; 
but  on  the  addition  of  more  protochloride  of  tin  the  calomel  is  itself  decomposed,  with 
production  of  metallic  mercury,  which  precipitates  in  a  finely  divided  state  under  the 
aspect  of  a  black  powder.  Corrosive  sublimate,  although  a  more  violent  poison^ 
weight  for  weight,  than  arsenious  acid,  is  not  so  dangerous,  for  two  reasons,— firstly,  it 
possesses  a  strong  metallic  nauseous  taste,  unfitting  it  for  the  purposes  of  the  murderer ; 
secondly,  its  ill  effects  can  be  satisfactorily  neutralized  by  the  administration  of  white 
of  egg  beat  up  with  water;  a  remedy,  it  will  be  remembere<^  already  recommended 
in  cases  of  poisoning  by  salts  of  copper. 

Although  albumen  is  pre-eminent  amongst  organic  principles  in  the  quality  of 
combining  with  chloride  of  mercury  and  forming  insoluble  results,  many  organic 
matters  are  in  the  same  category.  On  this  fiict  depends  the  application  of  bichloride 
of  mercury  to  the  preservation  of  wood,  cordage,  &c.  from  decay.  The  organic  com- 
binations formed  by  it  are  not  easily  decomposed  by  ordinary  atmospheric  agencies, 
and  are  protected  to  some  extent  against  fire.  The  preservative  process  of  Kyan  consists 
in  steeping  the  wood,  cordage,  &c.  in  a  solution  of  the  chloride. 
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Preliminary  guaUtatwe  test  of  thipresmceof  Corronve  SubUmata  m  aohttion$  both 
mnpk  and  compiex,^-Ji  very  elegant  means  of  determioing  the  presence  of  coirofiiT» 
sablimate  consuts  in  pLacing  adn^  of  the  solution  containing  it  upon  a  piece  of  gold, 
and  touching  both  gold  and  solution  with  a  piece  of  iron  or  steeL  Practically  the 
operation  is'  usually  conducted  by  means  of  a  key  and  a  gold  coin.  If  corrosLve  subli- 
mate or  a  few  other  salts  of  merenry  be  present,  the  metaUio  mercury  will  be  deposited 
upon  the  gold,  when  the  latter,  on  account  of  becoming  amalgamated,  will  be  mailed 
with  a  white  staiu.  PractieaUy,  the  operator  may  take  it  for  grafted  that  an  appeazanoe 
of  this  kind  will  be  produced  alona  by  corrosiTe  subUmate. 

W^  Separatum  of  Corrome  SubUmaU  from  organic  fmxture$.-^lLh»  organic  mixture 
should  be  placed  in  a'flask  having  a  long  neck,  and  well  agitated  with  ether ;  then 
being  allowed  to  stand  a  short  time  at  rest,  the  supernatant  etherial  layer  should  ba 
remoyed,  evaporated  to  dryness,  the  residue,  if  any,  dissolyed,  and  tested  for  cocrosiTe 
sublimate.  The  tests  will  be  indicated  further  on.  It  is  impossible,  by  means  q£ 
ether j  to  remove  the  whole  of  the  corrosive  sublimate  which  may  be  present  in  «l 
organic  mixture,  hence  the  etherial  treatment  cannot  become  a  means  of  quantitative 
separation.  In  cases  of  medico-legal  examinations,  however,  involving  corrosive  sub- 
limate, the  problem  is  not  usually  to  extract  the  tohole  of  the  poison,  but  to  determine 
the  presence  of  an  amount  sufficient  to  have  destroyed  human  life.  If  the  application 
of  ether  fiEdl  to  result  in  the  elimination  of  corrosive  sublimate  (which  negative  result 
may  happen  if  very  little  of  the  poison  be  present),  the  operations  become  more 
abitmne,  and  will  vary  according  to  the  kind  of  the  organic  matter  present  For  the 
processes  necessary  to  be  follawed,  I  must  refer  to  treatises  specially  written  in  this 
dq^artment  of  appUed  chemistry. 

Sub-  or  Di-ehloride  of  Mercwy  {Calomel), 

Preparatum,—(l)  By  mixing  together  solutions  of  snb-nitrate  of  maroury  and  of 
chloride  of  sodium  (common  salt). 

(2)  By  triturating  of  corrosive  sublimate  with  metallic  nMrouiy  and  comnunrsalt, 
subliming  the  mixture  and  condensing  the  result.  This  prooeas  is  usually  adopted  in 
practioe,  and  the  decomposition  which  results  is  thus  repreaented  i-^ 


(I  Mercury  '  j^l  Calomel 

1  eq.  of  Sulphate  j  1  Sulphuric  ^ 

of  1  acid""^ 

nmry.        (l 


menmry.        \1  Oxygen 
1  Mercury  '■  • 


1  <%k>ride  of /I  Chlorine 

sodium    tl  Sodium- — -^  Soda-^  Sulphate  of  soda. 

Zl  Ttoperiies, — A  heavy  white  crystalline  body,  though  for  medicinal  uses  it  is 
generally  obtained  iu-  powder.  The  specific  gravity  of  calomel  is  6*5 ;  it  is  nearly 
insoluble  in  water.  Solutions  of  alkalies,  or  alkaline  earths,  decompose  calomel  with 
production  of  black  or  suboxide  (dinoxide)  of  mercury.  Boiling  nitric  acid,  or  still 
more  readily  boiling  nitro-hydrochloric  acid,  decomposes  it,  the  former  producing  a 
mixture  of  nitrate  of  mercury  and  corrosive  sublimate,  the  latter  corrosive  sublimate 
unmixed.  When  calomel  is  digested  with  solution  of  ammonia,  a  grayish-black  powdec 
falls,  something  like  the  suboxide  of  mercury  in  appearanoe,  but  which,  however,  is 
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lurobably  a  compound  of  that  calomel  with  amidogen,  and  is,  therefoie,  repreeented  by 
the  foinmla  HgsCLHgNH^. 

WTiite  Precipitate, 

Preparation, — By  adding  excess  of  ammonia  to  solution  of  corrosive  sublimate  a 
white  powder  (white  precipitate)  is  thrown  down.  Its  composition  is  stiU  open  to 
some  doubt ;  bat  chemists,  for  the  most  part,  adopt  the  opinion  of  Sir  Bobert  Kane, 
that  it  is  a  compound  of  chloride  of  mercury  (corrosiye  sublimate)  with  amidogen  \  in 
which  case  its  composition  will  be  represented  by  the  formula  HgCl  +  HgNHs. 

ChmHnations  of  Mercury  with  Iodine  {Iodides  of  Mercury), 

Two  combinations  of  these  elements  are  known ;  one  corresponding  with  the  sub,  or 
black  oxide,  the  other  with  the  red,  or  protoxide  of  mercury. 

Subiodide  of  Mercury. 

Preparation, — (1)  By  adding  solution  of  nitrate  of  suboxide  of  mercury  to  solution  of 
iodide  of  potassium,  a  yeUowish  green  powder  is  thrown  down.  It  is  the  substance  under 
consideration.     (2)  By  triturating  mercury  and  iodine  together  in  the  necessary  atomic  j 
proportions — •'.  e,  two  equivalents  of  mercury  and  one  of  iodine.    When  heated  rapidly,  , 
the  subiodide  rises  in  vapour  unchanged ;  if  slowly  heated,  however,  it  sufBeis  decom- 
position into  metallic  mercury  and  the  protoiodide  of  that  metaL 

Protoiodide  of  Mercury. 

Preparation, — (1)  By  pouring  solution  of  iodide  of  potassium  into  solution  of  cor- 
rosive sublimate,  taking  care  that  neither  solution  be  in  excess,  the  iodide  of  meccury 
being  soluble  in  both. 

(2)  By  triturating  a  mixture  of  metallic  mercury  and  iodine  in  due  atomic  pro- 
portions. 

Properties. — Protoiodide  of  mercury  sublimes  unchanged  by  heat,  and  its  vapour  is 
remarkable  for  its  great  specific  gravity,  15*68 ;  more  considerable  than  that  of  any 
other  known  gaseous  body.  The  salt  tmder  consideration  furnishes  a  striking  example  ' 
■of  allotropism,  evid^ioed  ad  follows : — The  protoiodide^  when  first  obtauied  by  pre- 
cipitation, is  a  beautiful  red  compound ;  by  application  of  heat,  it  first  changes  colour, 
the  condition  of  powder  being  retained  ;  it  then,  on  the  further  application  of  heat, 
melts  into  a  yellow  Uquid,  and  sublimes  under  the  form  of  yellow  crystalline  spangles. 
Both  the  fuBed  yellow  mass  and  the  yellow  crystals  resulting  from  sublimation  retain 
their  tint  even  after  cooling ;  but  if  either  be  broken,  the  colour  at  once  changee  to 
red,  firsts  at  the  plane  of  rupture,  but  gradually  extending  to  the  whole  mass ;  con- 
sequently, if  the  yellow  iodide  be  potcd^ed,  tiiie  change  takes  place  throughout  the 
whole  of  the  powder  at  once. 

Cyanoffen  with  Mercury  {Cyanuret  or  Cyanide  of  Mercury)^ 
Only  one  compound  of  mercury  with  cyanogen  is  known ;  it  corresponds  with 

corrosive  suUimate,  and  is  therefore  the  protocyanide,  or  protocyanuret  of  mercury. 

It  ia  more  usually  called  the  bicyanide  of  mercury,  however,  owing  to  the  opinion 

which  formerly  obtained,  that  the  atomic  weight  now  generally  accepted  for  mercury 

should  be  doubled. 

Preparation, — (1)  By  dissolving  red  oxide  of  mercury  in.  dilute  hydrocyanic  acid, 

and  evaporating  the  solution  until  crystala  fozscu 
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(2).  By  boiling  a  mixture  of  two  parts  prossian  blue,  one  part  red  oxide  of 
mercury,  and  eight  parts  of  water,  filtering  the  solution,  and  setting  aside  to  crystallize - 
If  the  filtered  solution  should  contain  traces  of  iron,  which  is  frequently  the  case, 
that  metal  may  be  thrown  down  as  oxide,  by  boiling  the  solution  with  a  little  red 
oxide  of  mercury. 

(3)  By  boiling  a  mixture  of  two  parts  ferrocyanide  of  potassium  (yellow  pmssiate  of 
potsush)  with  three  of  sulphate  of  mercury,  and  from  fifteen  to  twenty  parts  of  water. 
The  liquor  is  to  be  filtered  hot,  and  set  aside  to  deposit  crystals. 

Cyanide  of  mercury  is  a  white  crystalline  body,  evolying  cyanogen  and  metallic 
mercury  when  heated  in  a  close  yessel,  and  leaving  a  black  residue  termed  paracyan- 
ogen.  When  hydrochloric  acid  is  added  to  cyanide  of  mercury,  and  heat  applied, 
mutual  decomposition  emrues,  bichloride  of  mercury  remaining  behind,  and  hydrocyanic 
acid  passing  oyer.  When  cyanide  and  red  oxide  of  mercury  are  boiled  together  union 
of  the  two  results,  and  oxycyanide  of  mercury  is  formed.  Cyanide  of  mercury  also 
unites  with  other  cyanides,  forming,  in  many  cases,  well-defined  crystalline  combina- 
tions, it  also  unites  with  chlorides,  iodides,  and  bromides,  fonning,  in  many  cases, 
well-defined  crystalline  salts. 

ComAinatiom  ofJUrewy  with  Stdpkur. — SulphureUy  w  Sulphidei  of  Mercury. 

Two  of  these  compounds  are  known ;  one  corresponding  with  the  suboxide,  the 
other  with  the  red  oxide  of  mercury. 

Sub'  or  Di'tu^huret  of  Merewy. 

If  a  stream  of  hydrosulphuric  acid  be  transmitted  through  a  cold  solution  of  sub- 
nitrate  of  mercury,  a  black  powder,  which  is  the  ntbsulphuret  of  fnereury,  falls.  If 
the  solution,  however,  be  heated,  the  compound  decomposes  into  metallic  mercury  and 
proUmUphuretj  the  compound  next  to  be  described.  A  similar  change  also  results  when 
the  sub-sulphuret  is  heated  dry. 

Sui^hwret  of  Mtrcury, 

Preparation. — (1)  By  triturating  metallic  mercury  with  sulphur  in  a  mortar,  sul- 
phuret  of  mercury  is  obtained  in  the  condition  of  black  powder,  formeriy  known  by 
the  appellation  Elhiop's  mineral. 

(2)  By  transmitting  a  stream  of  hydrosulphuric  acid  gas  through  the  solution  of 
proto-salt  of  mercury.  On  first  transmitting  the  current  of  gas,  the  precipitate  which 
falls  is  white,  being  a  compound  of  sulphuret  of  mercury  with  a  definite  portion  of  the 
mercurial  salt  originally  present ;  at  length,  however,  the  current  of  gas  being  main- 
tained, the  precipitate  which  falls  is  black,  being  the  true  sulphuret  of  mercuiy. 

Properties.—'When  the  sulphuret  of  mercury,  prepared  as  directed,  is  heated,  it 
sublimes  and  condenses  into  a  red  mass,  similar  in  appearance  and  identical  in  compo- 
sition with  the  native  sulphuret  of  mercury,  called  cinnabar.  The  red  artificial 
sulphuret  of  mercury  is  called  vermUumj  and  is  much  employed  by  painters.  When 
designed  for  exclusive  employment  as  a  pigment,  vermilion  is  prepared  by  a  process 
different  from  that  described.  A  very  beautiful  vermilion  results  when  ordinary 
cinnabar,  previously  reduced  to  impalpable  powder,  is  heated  for  a  considerable  period 
with  solution  of  an  alkaline  sulphuret,  at  a  temperature  of  about  112^  Fah. 

The  sulphurets  of  mercury  are  readily  decomposed  when  heated  in  the  presence  of 
atmospheric  air,  then  sulphur  beiog  converted  into  sulphurous  acid,  and  their  mercury 


Digiti 


zed  by  Google 


SILVER. 


&01 


sublimed.  Cinnabar  is  readily  attacked  by  hot  nitro-hydrocbloric  acid,  and  with 
rather  more  difficulty  by  nitric  acid;  but  hydrochloric  acid  and  caustic  alkalies 
dissolve  it  with  difficulty. 

General  Charaeteristiea  of  Mercurial  Compounds, 
Several  mercurial  compounds  yield  up  their  mercury  by  the  simple  application  of 
heat,  and  all  without  exception  are  decomposed  with  the  production  of  mercury  when 
heated  in  contact  with  dry  carbonate  of  soda.  Most  of  the  soluble  compounds  of  mer- 
cury are  decomposed,  metallic  mercury  being  thrown  down  by  the  combined  yoltaic 
action  of  gold  and  iron,  as  already  indicated,  also  by  a  plate  of  metallic  copper 
immersed  in  the  solution.  The  greater  number  of  mercurial  solutions,  if  not  all,  are 
decomposed  by  protochloride  of  tin,  metallic  mercury  being  thrown  down.  The  peculiar 
action  of  hydrosulphuric  acid  on  soluble  mercurial  salts, — occasionally  yielding  a  white 
precipitate,  which,  however,  changes  to  black  when  more  of  the  precipitant  is  added, — ^is 
important ;  also,  the  action  of  dry  hydrochloric  acid  on  di-solutions  of  mercury,  causing 
the  precipitation  of  an  insoluble  white  powder  (calomel).  Iodide  of  potassium,  too,  is 
a  delicate  and  characteristic  test  of  mercury  in  solution,  more  especially  for  corrosive 
sublimate. 


BILVBB. 


Equivalent  or  atomic  weight 
Specific  gravity    • 


108-1 
10-5 


Silver  is  a  very  widely  distributed  metal.  It  occurs  as  native  or  pure  silver ;  also 
in  combination  with  sulphur  (sulphuret,  or  sulphide  of  silver),  or  with  sulphur  and 
lead,  constituting  the  mineral  galena,  and  in  union  with  chlorine,  forming  chloride  of 
silver. 

Preparation  of  Silver  Chemically  Pure. — (1)  100  parts  of  chloride  of  silver  are  inti- 
mately mixed  with  70  parts  of  carbonate  of  lime  (chalk),  and  four  or  five  of  charcoal, 
and  the  mixture  is  heated  to  whiteness  in  an  earthenware  crucible.  Carbonic  oxide  gas 
is  liberated,  and  a  mixture  of  chloride  of  calcium  with  metallic  silver  remains,  the 
metal,  however,  forms  a  button^  and  collecting  in  the  lowest  part  of  the  crucible  is 
readily  separated.  Instead  of  the  mixture  of  chalk  and  charcoal,  carbonate  of  soda  or 
of  potash  may  be  used. 

(2)  By  suspending  chloride  of  silver  in  water  acidulated  with  a  little  hydrochloric 
acid,  and  immersing  fragments  of  zinc.  The  chloride  of  silver  by  this  treatment  ia 
rapidly  decomposed,  chloride  of  zinc  being  fonned,  and  remaining  in  solution,  and  pure 
silver  in  a  finely  divided  condition  being  thrown  down.  Practically,  in  order  to  assure 
the  complete  absence  of  zinc,  it  is  as  well  to  fuse  the  pxilverulent  silver  resulting  from. 
this  operation  with  a  little  nitric  acid  and  borax.  Instead  of  zinc  iron  may  be  employed ; 
and  this  modification  of  the  process  is  important  as  constituting  the  process  by  which 
silver  is  extracted  from  its  ore,  in  America  and  in  Saxony.  The  silver  ore  (a  sulphuret) 
being  reduced  to  powder  is  intimately  mixed  with  common  salt  (chloride  of  sodium) 
and  roasted  in  a  furnace,  by  which  treatment  chloride  of  silver  is  generated,  and  the 
latter  being  intimately  mixed  with  scraps  of  metallic  iron  and  mercury,  and  well  incor- 
porated, an  amalgam  or  compound  of  silver  with  mercury  results.  The  latter  is  fireed 
from  a  portion  of  its  mercury  by  straining  through  a  linen  cloth,  and  finally  the  whole 
of  the  mercury  is  separated  by  distillation. 
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CharadmsHc  Properti$9  of  Siioer. 

Silver  absolutely  pure  is  a  soft  metal  yet  harder  than  pure  gold.  On  account  of 
this  softness  it  is  neither  adapted  to  the  purposes  of  coinage,  nor  to  the  mannfactnre  of 
articles  of  luxury.  Pure  silver,  when  polished,  is  more  brilliant  than  any  other  metal, 
and  does  not  tarnish  by  exposure  to  air  either  dry  or  moist,  provided  hydrosulplmric 
acid  gas  or  vapours  of  hydrosulphate  of  ammonia  be  absent ;  otherwise  it  blackens. 
The  black  surface  acquired  by  a  silver  spoon  when  immersed  in  mustard,  or  in  a 
boiled  Q^^j  is  also  referable  to  a  superficial  combination  with  sulphur,  and  con- 
sequently demonstrates  the  existence  of  this  element  both  in  eggs  and  in  mustard. 
Next  to  gold  silver  is  the  most  ductile  and  malleable  of  all  metals :  it  fuses  at  a  -^hite 
heat,  and  then  absorbs  oxygen,  but  the  oxidation  is  not  permanent,  pure  brilliant  silver 
resulting  as  the  metal  cools.  Silver  is  sparingly  attacked  by  strong  hydrochloric  acid, 
even  when  hot ;  dilute  sulphuric  acid,  too,  exerts  but  little  action  upon  it ;  strong  sul- 
phuric acid  effects  its  solution,  a  portion  of  the  acid  being  simultaneously  decomposed, 
as  evidenced  by  the  disengagement  of  sulphurous  acid  gas.  Nitric  acid,  whether  dilute 
or  concentrated,  dissolves  silver  readily. 

Combinations  of  Oxygen  with  Silver  {Oxides  of  Silver), 

Three  compounds  of  oxygen  with  silver  are  known,  namely,  the  suboxide  Ag^O  ■ 
the  protoxide  AgO  ;  and  the  binolide  AgOs. 

Sub-oxide  of  Silver, 

Pr^aration. — ^By  passing  a  stream  of  dry  hydrogen  gas  over  dry  cititite  of  silver, 
heated  to  212''  Eah. 

The  citrate  of  silver,  treated  as  described,  loses  oxygen,  and  assumes  a  brown  tint. 
The  product,  when  dissolved  in  water,  yields  a  solution  of  citric  acid,  mixed  with 
citrate  of  su'B-oxide  of  silver.  Solution  of  potash  being  acid,  sub-oxide  of  silver  pre- 
cipitates. It  is  black,  soluble  in  ammonia,  and  readily  decomposed.  When  the  mixed 
solution  of  citric  acid  and  citrate  of  sub-oxide  of  silver  is  heated,  citrate  of  protoxide  of 
silver  and  metallic  silver  result,  and  the  solution  becomes  colourless. 

Frotoxide  of  Silver, 
Preparation, — ^When  solution  of  potash  is  mixed  in  excess  with  a  solution  of  nitrate 
of  silver,  black  hydrated  protoxide  of  silver  falls.  This  compound  loses  its  water  of 
hydration  when  heated  gently,  or  when  subjected  to  the  vacuum  of  an  air-pump. 
Anhydrous  protoxide  of  silver  is  an  olive-coloured  powder.  Both  hydrated  and  anhy- 
drous protoxide  of  silver  are  decomposed  by  exposure  to  the  sun's  direct  rays.  The 
hydrated  protoxide  dissolves  in  water  to  a  slight  extent,  and  then  manifests  an  alkaline 
re-action ;  but  it  is  totally  insoluble  in  caustic  alkalies.  All  the  important  silver  salts 
contain  protoxide  of  that  metal  as  base. 

Binoxide  or  Peroxide  of  Siher, 
Preparation. — VThen  two  platinum  electrodes  in  action  are  plunged  into  a  weak 
solution  of  nitrate  of  silver,  the  positive  conductor  soon  becomes  covered  with  black 
prismatic  crystals  of  the  binoxide  or  peroxide  of  silver.  This  compound  is  not  so 
readily  decomposed  by  heat  as  the  protoxide,  which  is  contrary  to  the  general  rule.  It 
does  not  combine  with  acids,  but  decomposes,  and  yields  salts  of  the  protoxide. 
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Ammoniuretted  Oxide  of  Silver, 

This  term  may  be  provisionally  applied  to  indicate  a  compound  possessed  of  violently 
explosive  qualities,  and  the  composition  of  which  is  variously  represented  by  different 
chemists.  Some  regard  it  as  the  result  of  a  direct  combination  between  ammonia  and 
oxide  of  silver,  having  the  formula  AgO  +  NH3 ;  others  believe  it  to  be  an  amide  of 
metallic  silver,  and  consequently  represented  by  the  formula  Ag,  NH2;  whilst, 
according  to  a  third  supposition,  it  is  a  direct  compound  of  silver  with  nitrogen.  This 
black  fulminating  oxide  of  silver  must  not  be  confounded  with  white  fiUminate  of  oxide 
of  silver  J  formed  by  a  process  analogous  to  that  adopted  in  the  generation  of  fulminate 
of  oxide  of  mercury.  The  black  compound  under  consideration  is  as  much  more  dan- 
gerous than  the  white  fulminate  of  silver,  as  the  latter  in  comparison  with  the  corres- 
ponding salt  of  mercury. 

Preparation. — The  method  of  generating  the  black  fulminating  oxide  of  silver  is 
here  indicated,  rather  for  the  purpose  of  guarding  the  operator  against  the  conse- 
quences of  its  accidental  production  than  as  a  guide  for  its  preparation.  It  may  be 
formed  by  digesting  oxide  of  silver  with  strong  solution  of  ammonia ;  or  by  pouring 
solution  of  potash  into  a  protosalt  of  silver  dissolved  in  eolation  of  ammonia.  At  a 
temperature  of  about  212°  Fah.  it  explodes,  even  when  covered  by  water,  and  mere 
friction  with  the  plume  of  a  feather  causes  detonation  of  the  dry  substance. 

Salts  of  Protoxide  of  Sikter.-^Mtrate  of  Silver. 

This  very  important  salt  has  long  been  employed  in  medical  and  surgical  practice, 
under  the  appellation  of  '^  lunar  eausticj^*  which  substance  is  nitrate  of  silver  fused,  and 
cast  into  round  8ti(^.  The  'crystallized  salt  is  now  largely  employed  in  calotype 
operations,  and  for  many  other  purposes  in  the  arts. 

Preparation. — ^By  dissolving  silver  in  nitric  acid  moderately  strong,  and  evaporating 
the  solution  until  crystals  form.  If  the  silver  employed  be  pure,  the  nitrate  of  silver 
resulting  will  be  pure  also ;  but  in  practice  it  is  usual  to  employ,  for  the  manti&ctiire 
of  this  substance,  silver  which  has  been  alloyed  with  copper,  in  which  case  oiie  of  the 
following  modifications  of  the  process  just  described  has  to  be  adopted :— (1)  The  whole 
of  the  alloyed  silver  having  been  dissolved,  the  solution  is  evaporated  to  dryness  and 
the  dry  mass  fused.  By  this  treatment  the  nitrate  of  copper  is  decomposed  into  the 
elements  of  nitric  acid,  which  being  volatile  are  evolved,  and  oxide  of  copper,  which 
xemains  diffused  through  the  liquified  nitrate  of  »lver,  which  is  coloured  browta  in 
consequence.  From  time  to  time  a  little  of  the  fused  product  is  removed  on  the  ex- 
tremity of  a  glass  rod,  dissolved  with  water,  and  tested  by  ammonia ;  so  long  as  aay 
nitrate  of  copper  remains  undecomposed,  the  solution  turns  blue  when  ammonia  is 
added ;  but  as  soon  as  the  decomposition  of  nitrate  of  copper  is  complete,  this  ehange 
does  not  take  place.  The  fused  mass  being  now  removed  from  the  fire,  allowed  to 
grow  cold,  dissolved  in  water,  and  the  solution  filtered,  yields  a  solutian  of  pure  nitzal^ 
of  silver,  which  is  to  be  evaporated  as  before  until  crystals  are  produced.  (2)  A  solution 
of  mixed  nitrate  of  silver  and  nitrate  of  copper  having  been  made,  one-fifth  part  of  it  is 
to  be  precipitated  by  cold  potash  solution  added  in  excess.  By  this  treatment  all  the 
oxide  of  silver  and  oxide  of  copper  is  thrown  down.  The  mixed  oxides  having  been 
well  washed  for  the  puspose  of  removing  potash,  are  to  be  added  to  the  remaining  four- 
fifths  of  the  solution  and  boiled,  by  which  treatment  the  whole  of  the  oxide  of  copper 
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is  thrown  down,  and  a  solution  of  pure  nitrate  of  silver  remains,  which  is  to  be  treated 
as  before. 

Nitrate  of  silver,  when  quite  free  from  all  organic  matter,  does  not  perceptibly 
decompose  when  subjected  to  the  sun's  direct  rays ;  but  the  slightest  admixture  of 
organic  matter  leads  to  that  result. 

Sulphate  ofSUvw, 

Preparation, — (1)  By  digesting  silver  with  concentrated  sulphuric  acid. 

(2)  By  adding  sulphuric  acid  or  sulphate  of  soda  to  a  boiling  solution  of  nitrate  of 
silver. 

Properties, — ^A  white  crystalline  body,  though  the  crystals  are  usually  small,  soluble 
in  water  to  a  slight  extent  only,  but  more  soluble  in  solution  of  ammonia. 

Carbonate  of  Stiver, 

Preparation, — ^By  adding  carbonate  of  soda  to  a  solution  of  nitrate  of  silver. 

Properties, — ^A  white  powder,  which  changes  to  brown  by  exposure  to  the  sun's 
rays,  and  suffers  decomposition  when  heated,  either  dry  or  surrounded  by  water,  metallic, 
silver  in  both  oases  being  the  fixed  result  of  decomposition. 

Acetate  of  Silver, 

Pr^>aration,^By  dissolving  carbonate  of  silver  in  acetic  acid,  or  by  pounng  solution 
of  acetate  of  soda  into  a  hot  and  concentrated  solution  of  nitrate  of  silver, 

SyposuHphite  of  Silver, 

This  salt  is  a  white  powder  which  suffers  decomposition  when  boiled  with  water, 
metallic  silver  being  precipitated.  Hyposulphite  of  silver  readily  combines  with  alka- 
line hyposulphites,  generating  solutions  characterized  by  an  intensely  sweet  taste. 
Alkaline  hyposulphites,  moreover,  dissolve  chloride  and  oxide  of  silver,  yielding  solu- 
tions somewhat  brown  in  appearance,  and  also  sweet.  This  property  of  the  alkaline 
hyposulphites  renders  them  applicable  to  the  calotype  operation  as  solvents  for  certain 
argentiferous  depositions,  which,  if  allowed  to  remain,  would  be  injurious  to  the 
picture. 

Combinations  of  Silver  and  Sulphur,— Sulphurets  or  Sulphides  of  Silver, 

Only  one  compound  of  sulphur  with  silver,  the  wonosulphuret  or  fnonosulphide  is 
known;  It  occurs  native,  crystallizing  in  forms  isomorphous  with  those  of  the  sub- 
sulphuret  of  copper.  Sometimes  it  is  found  pure,  but  more  generally  in  combination 
with  sulphurets  of  arsenic  and  antimony.  Sulphuret  of  silver  of  the  same  chemical 
composition  may  also  be  formed  by  fusing  silver  and  sulphur  together  in  single  atomic 
proportions,  or  by  precipitating  solution  of  a  silver  salt  by  hydrosulphuric  acid  or 
hycbrosulphate  of  ammonia. 

Silver  with  Chlorine— 'Chloride  of  Silver, 

Only  one  chloride  of  silver  is  knqwn ;  it  is  the  protochloride,  and  a  very  important 
compound.  Chloride  of  silver  is  occasionally  found  native,  and  may  be  prepared  by 
adding  hydrochloric  acid,  chlorine,  or  any  soluble  chloride,  to  solution  of  nitrate  of 
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sjlyer,  or  almost  any  argentiferous  solution.  It  is  a  dense  flocculent  iThite  powder,  the 
particles  of  which  cohere  by  agitation,  and  form  acid  masses,  which  are  highly  cha* 
racterisUc.  The  precipitate  separates  most  satisfactorily  from  solutions  acidulated  by 
nitric  acid,  and  heated.  Chloride  of  silver  is  not  soluble  in  water  to  an  appreciable 
extent,  but  slightly  soluble  in  hot  concentrated  hydrochloric  acid.  Ammonia  solution 
dissolves  it  with  facility,  and  serves  to  distinguish  it  from  subchloride  of  mercury 
(calomel),  which  it  closely  resembles  in  physical  appearance.  Calomel  is  blackened  by 
the  addition  of  solution  of  ammonia,  whereas  chloride  of  silver,  as  we  have  seen,  ia 
dissolved  by  that  reagent. 

Chloride  of  silver  is  blackened  by  exposure  to  the  sun's  rays,  possibly  owing 
to  conversion  into  subchloride,  but  the  rationale  of  the  change  is  not  fully  understood. 
The  blackened  portion  is  no  longer  dissolved  either  by  ammonia  or  alkaline  hypo- 
sulphites, whereas  the  white  portion  is  dissolved  in  both.  Chloride  of  silver  fuses  at 
about  500"^  Fah.,  and,  on  cooling,-  forms  a  semi-transparent  homy  mass;  at  a  still 
higher  temperature  it  may  be  partially  volatilized.  The  methods  of  effecting  its 
decomposition,  and  producing  its  metallic  silver,  have  already  been  adverted  to  at 
page  501. 

f  Silver  with  Iodine^  and  with  Bromine, 

The  iodide  of  silver  is  a  yellowish  white  powder,  thrown  down  when  solution  of  an 
iodide  is  added  to  solution  of  a  silver  salt.  Nitric  acid  and  ammonia  dissolve  it  to  a 
slight  extent,  whereas  chloride  of  silver  is  readily  soluble  in  ammonia,  as  we  have 
seen,  as  in  like  manner  is  bromide  of  silver.  The  latter  salt  is  prepared  like  the  iodide 
merely  employing  a  soluble  bromide  in  place  of  a  soluble  iodide. 

Silver  with  Cyanogen, 

When  hydrocyanic  acid  is  poured  into  a  solution  of  nitrate  of  silver,  a  curdy  white 
precipitate,  cyanide  of  silver  falls.  By  this  means  the  quantity  of  hydrocyanic  acid 
present  in  a  solution  may  be  determined.  Cyanide  of  silver  is  not  soluble  in  water, 
nor  in  dilute  and  cold  nitric  acid ;  but  solution  of  ammonia  dissolves  it  with  facility. 
Treated  with  hydrochloric  acid,  decomposition  ensues,  chloride  of  silver  and  hydro- 
cyanic acid  being  simultaneously  generated.  Occasionally  the  decomposition  is  taken 
advantage  of  in  effecting  the  extemporaneous  preparation  of  hydrocyanic  acid. 

Silver  Assaying, 

'  Pure  silver,  as  I  have  already  remarked,  is  too  soft  for  the  purposes  of  coinage  and 
manufacture.  To  render  it  adapted  to  these  uses  it  is  melted,  or  aUoyed,  with  a  certain 
per  centage  of  other  metal,  usually  copper.  The  amoimt  of  alloy  varies  for  different 
countries.  English  standard  silver  is  composed  of  11  oz.  2  dwts.  silver  melted  with 
18  dwts.  pure  copper.  The  per  centage  composition  of  a  silver  alloy  can,  of  course,  be 
ascertained  by  one  of  several  processes  of  chemical  analysis.  Practically,  however,  the 
operations  are  reduced  to  two ;  the  dry  and  the  moist  processes  of  silver  assaying.  In 
England,  the  former  is  almost  exclusively  employed,  though  in  France  the  latter  is 
followed  by  preference.  The  dry  process  of  silver  or  gold  assaying  involves  the 
operation  of  cupellation,  as  it  is  termed,  the  outline  of  which  I  shall  now  proceed  to 
describe. 

Cupellation. — ^Pure  silver  may  be  fused  without  any  permanent  oxidation,  and  a 
similar  remark  applies  to  gold  and  platinum.    The  latter  metal  may  be  left  out  of 
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eonsideration ;  hence,  practicallj  the  only  metals  we  haye  to  consider  as  the  objects  of 
capellatiain  are  silrer  and  gold.  Excluding  platinum,  then,  all  other  metals,  except 
silyer  and  gold,  are  conyerted  into  oxides  when  kept  i^ised  for  a  considerable  time. 
Lead  is  pre-eminent  in  this  respect ;  not  only  does  it  oxidise  with  extreme  facility,  but 
the  oxide,  when  generated,  readily  fuses,  and  acts  as  a  solyent  for  other  oxides,  espe- 
cially that  of  copper.  If,  then,  the  fused  oxides  could  be  successiyely  removed,  as 
soon  as  formed,  the  silver  contained  in  an  alloy  free  from  gold  would  eventually  remain 
pure.  On  a  proper  application  of  these  principles  depend  the  process  of  cupellation,  so 
called  from  the  employment  of  a  little  cup,  or  crucible,  technically  denominated  a  ettp^ 
made  of  bone  earth,  a  material  which  is  endowed  with  the  quality  of  absorbing  the 
fused  oxides  after  the  manner  of  a  sxKmge. 

The  operation  is  conducted  in  the  following  manner : — ^A  weighed  portion  of  silver 
alloy,  usually  not  more  than  12  grains,  being  wrapped  in  sheet  lead,  absolutely  pure, 
is  thrown  upon  a  cupel  heated  to  redness  in  a  small  oven,  through  which  a  current  of 
atmospheric  air  continually  jyasses.  This  oven  is  technically  known  as  a  muffle,  and 
the  manner  of  fixing  it  in  the  assaying  famaco  is  represented  by  the  fc^wing 
engravings : — 


The  process  of  cupellation  does  not  give  results  absolutely  correct,  especially  if  the 
heat  employed  be  unnecessarily  high,  inasmuch  as  silver  is  perceptibly  volatile  under 
these  circumstances ;  but,  on  the  other  hand,  a  portion  of 
the  lead  employed  remains  obstinately  combined  with  the 
silver,  and  thus  in  some  measure  compensates  for  the  pro- 
tion  of  that  metal  lost  by  evaporation.  Usually  the  cupelling 
process  occupies  about  twenty  minutes,  and  may  be  known 
to  have  been  continued  sufficiently  long  by  a  peculiar  appearance,  termed  "  brightening," 
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assumed  by  the  silver  bead.  Whilst  any  lead  or  other  base  metal  remains  to  be 
removed,  the  bead  of  impure  silver  is  seen  to  emit  JFumes,  to  be  tinted  with  iridescent 
colours,  and  to  be  violently  agitated ;  suddenly,  however,  a  flash  of  light  appears,  the 
iridescence  and  motion  cease,  the  bead  becomes  dead  white  and  motionless.  The 
operator  must  now  draw  the  cupel  towards  the  external  orifice,  or  mouth  of  the  mufflfi> 
and  there  aUow  it  to  remain  until  it  becomes  partially  cold,  when  it  is  to  be  withdrawn 
completely,  allowed  to  become  quite  cold,  and  weighed.  The  loss  of  weight  is  indi- 
cative of  the  per  centage  of  base  metal  originally  present.  If  the  cupel  with  its  con- 
tents be  withdrawn  abruptly,  the  bead  of  silver  is  liable  to  shoot  forth  fungoid-looking 
excrescences,  occasionally  with  such  violence  that  particles  of  silver  are  darted  away^ 
and  lost.  This  phenomenon  is  dependent  on  the  fact,  that  pure  silver,  when  fused, 
absorbs  a  considerable  amount  of  oxygen,  which  does  not  contribute  to  fonn  a  per- 
manent oxide,  however,  but  is  evolved  as  the  silver  cools. 

The  moist  process  of  silver  assaying  is  founded  upon  the  fact  that  all  the  silver  con- 
tained in  an  alloy  may  be  precipitated  from  solution  by  means  of  a  soluble  chloride. 
Chloride  of  sodium  (common  salt)  is  the  material  employed  for  this  purpose,  and  the 
estimattion  is  made  in  France  volumetrioally ;  that  is  to  say,  the  solution  of  common 
salt  is  determinate,  in  such  maimer  that  a  given  volume  used  corresponds  with  a  known 
portion  of  sUrer.  If  time  be  not  an  object,  the  estimation  of  silver  as  chloride  may  be 
ejected  by  weighing  instead  of  measuring  the  quantity  of  solution  used ;  in  which  case 
the  test  solution  should  be  poured  into  the  argentiferous  solution  from  a  Sehustet^s 
alkalimeter — the  instrument  represented  at  p.  413. 


Equivalent  or  atomic  weight  •        .        .        197 
Specific  gravity 19*5 

Gk)ld  is  almost  invariably  found  in  the  metallic  state — ^not,  however,  pure,  being 
contaminated  usually  with  silver  or  copper,  or  both,  and  more  rarely  with  telluriimi, 
and  with  palladium.  Gold  is  but  rarely  obtained  from  mines ;  in  the  form  of  nuggets 
or  metallic  lumps,  it  is  collected  by  manual  labour,  and  when  the  particles  are  too  small 
for  this  treatment  they  are  usually  extracted  either  by  means  of  mercury  (amalgama- 
tion) or  more  rarely  by  the  agency  of  chlorine. 

Grold,  though  a  scarce  metal,  is  very  widely  diffused.  There  are  but  few  parts  of 
the  world  in  which  gold  has  not  been  found  to  some  extent,  but  California  and  Aus- 
tralia have  yielded  it  in  larger  quantities  than  any  other  regions.  Gold,  like  silver, 
is  too  soft  for  adaptation  to  the  purpose  of  coinage  or  ornamentation ;  hence  it  must  be 
alloyed,  and  the  base  metal  added  is  usually  copper,  though  occasionally  other  metals 
such  as  silver  and  zinc  are  used.  The  student  may  have  remarked  that  English 
sovereigns  and  half  sovereigns  coined  before  the  year  1826,  are  lighter  in  colour  than 
those  subsequently  produced ;  which  is  referable  to  the  fact  of  their  holding  in  their 
composition  a  portion  of  silver.  The  per  centage  of  alloy  metal  is  fixed  by  law  in  all 
civilized  countries,  and  differs  according  to  the  use  to  which  the  gold  is  intended  to  be 
applied.  English  gold  coins  are  made  of  twenty-t^^o  parts  pure,  or  fine  gold,  alloyed 
with  two  parts  copper ;  in  other  words,  one  part  copper  to  eleven  of  gold— the  reason 
why  two  parts  to  twenty-two,  instead  of  one  to  eleven,  will  be  explained  presently. 
The  legal  ratio  of  admixture  adopted  in  France  for  the  gold  pieces  of  that  nation  is  one 
to  nine. 
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dotnbinations  of  Gold  tcith  Oxygen. 

Gold  may  be  fused  and  exposed  to  contact  with  atmospheric  ur  for  an  indefinite 
period,  without  the  generation  of  an  oxide ;  neyertheless,  by  chemical  treatment  two 
distinct  oxides  of  gold  may  be  generated,  the  sub-oxide  Au^O  and  the  sesquioxide  or 
peroxide  A1I2O3. 

Sub^OTide  of  Gold-^{A\Lp). 

Preparation. — ^When  potash  solution  is  added  to  solution  of  sub-chloride  (dichloride 
of  gold)  a  powder  of  deep  violet  colour,  which  is  the  oxide  in  question,  falls.  Oxyacids 
have  no  action  upon  it,  but  hydracids  decompose  it,  sesquichloride  of  gold  AusOlj 
being  formed  and  metallic  gold  deposited. 

Sesquioxide  or  peroxide  of  Gold,  also  called  Autie  Acid, 

Preparation, — By  digesting  a  solution  of  perchloride  of  gold  with  magnesia,  aurate 
of  magnesia  mixed  with  free  magnesia  is  obtained.  When  this  mixture  is  boiled  with 
nitric  acid  the  magnesia  dissolves,  and  hydrated  sesquioxide  of  gold  remains.  It  is  a 
yeIlowish*red  powder  when  hydrated,  turning  to  chesnut-brown  when  dried.  Heat 
and  direct  solar  light  effect  its  decomposition  into  oxygen,  and  metallic  gold ;  when 
boiled  with  deoxidising  agents,  such  as  alcohol  or  sulphurous  acid,  also  many  of  the 
organic  acids,  the  same  result  occurs.  Neither  this  nor  the  preceding  oxide  forms 
definite  compounds  with  acids. 

Ammoniaeal  Oxide  of  Gold  or  FUbninaHng  Gold. 

When  solution  of  ammonia  ispoured  into  sesquichloride  of  gold,  a  precipitate  pos- 
sessing Mmioating  properties  deposits.  Its  composition  has  not  been  quantitatively 
determined,  but  it  is  known  to  contain  oxide  of  gold,  ammonia,  and  chlorine.  If  this 
compound  be  digested  in  a  further  quantity  of  ammonia,  a  brown  powder  remains 
which  is  fulminating  gold,  properly  so  called.  According  to  the  opinion  of  most 
chemists  it  is  a  combination  of  sesquioxide  of  gold  with  ammonia. 

Gold  with  Chhrine^Chhrides  of  Gold. 

There  are  two  combinations  of  gold  with  chlorine,  corresponding  with  the  two 
oxides  of  gold.  The  sesquichloride  is  the  product  of  dissolving  gold  in  nitrohydro- 
chloric  acid  (aqua  regia).  By  evaporating  the  solution  to  dryness,  a  yellow  crystalline 
material  composed  of  hydrochloric  acid  and  sesquichloride  of  gold  results  ;  and  this, 
when  still  more  heated,  suffers  partial  decomposition,  hydrochloric  acid  being  evolved 
and  sesquichloride  of  gold  remaining.  It  is  a  brown  deliquescent  material,  very 
soluble  in  alcohol  and  ether ;  the  latter  of  which  even  removes  sesquichloride  of  gold 
from  its  aqueous  solution. 

Subchloridef  or  Dichloride,  of  Gold. 

When  the  preceding  compound  is  exposed  to  a  temperature  not  exceeding  440^ 
Fah.,  chlorine  is  evolved  and  dichloride  of  gold  remains.  It  is  yellowish,  non- 
crystalline, and  insoluble  in  water. 
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Gold  with  Sulphur — StdphureU  or  Sulphides  of  Gold, 

Two  of  these  compounds  are  known,  corresponding  with  the  oxides,  and  the 
chlorides  of  gold  respectiyelj*  They  are  formed  by  transmitting  hydrosnlphuric  acid 
through  solutions  of  sesquichloride  of  gold.  If  the  solutions  be  hot,  the  dark-brown 
di-8ulphuret  is  precipitated ;  but  if  cold,  the  black  powder  which  falls  is  the  sesquisul- 
phuret  of  gold. 

Gold  Assaying. 

The  operation  of  gold  aasaying  involires.  the  two  processes  of  cupellation,  already 
described,  and  quartation.  If,  instead  of  a  compound  of  silver  with  ozidisable  metal,  a 
compound  of  gold,  and  the  same  be  cupelled  with  lead  a  bead  of  pure  gold  will  remain ; 
i^  however,  a  compound  of  gold,  silver,  and  base,  or  oxidisable  metal  be  cupelled,  the 
result  of  cupellation  will  be  an  alloy  of  piure  gold  and  pure  silver  combined. 

Now  gold  is  not  soluble  in  nitric  acid,  whereas  silver  readily  dissolves  in  that 
menstruum;  hence  theoiy  suggests  that  all  the  silver  contained  in  an  argento-auriferous 
alloy  should  be  capable  of  removal  by  the  action  of  hot  nilric  acid,  leaving  the  gold 
behind.  Practically,  however,  this  result  does  not  ensue  except  the  silver  present 
amount  to  not  less  than  two-thirds  of  the  total  weight  of  the  mixed  metals.  Hence 
the  process  of  gold  assaying  resolves  itself  into  the  following  general  scheme :  the 
assayer  having  formed  a  judgment,  from  the  colour  and  general  appearance  of  the 
alloy,  as  to  the  amount  of  silver  present,  adds  such  a  known  excess  of  pure  silver  as 
when  fused  with  the  gold  shall  yield  a  button  having  the  composition  of  about  three 
parts,  by  weight,  of  silver  to  one  of  gold.  The  compound  is  now  wrapped  in  thin 
sheet  lead  and  cupelled  in  the  ordinary  manner ;  the  result  of  which  operation  is  a 
button  of  gold  mixed  with  silver.  This  product  is  next  flattened  into  a  plate  or  ribbon, 
heated  to  render  it  soft,  converted  into  a  flat  helix  termed  a  comet,  by  winding  it  romid 
a  quill  or  other  small  cylinder,  and  boiled  with  nitric  acid.  By  this  treatment  the 
whole  of  the  silver  is  dissolved,  and  the  gold  remains.  When  first  withdrawn  from 
the  nitric  acid  the  gold  helix  is  friable  and  devoid  of  the  metallic  appearance ;  after 
being  heated,  however,  its  particles  cohere,  and  its  surface  assumes  the  golden  aspect. 
It  has  already  been  stated  that  although  the  proportion  of  alloy  in  English  gold  coins 
is  one  to  eleven,  the  proportion  is  invariably  expressed  as  two  parts  to  twenty-two.  The 
origin  of  this  custom  is  as  follows :  every  portion  of  gold,  whether  large  or  small,  is 
assumed  to  be  divided  into  twenty-four  equal  parts,  termed  caratSy  and  the  actual 
quantity  of  pure  gold  present  is  spoken  of  as  so  many  carats  fine.  For  example — 
absolutely  pure  gold,  or  that  which  is  devoid  of  all  mixture  of  base  metals,  is  said  to 
be  twenty-four  carats  fine,  or  two  carats  better  than  standard,  whereas  gold  containing 
four  parts  of  base  metal  in  the  twenty-four,  is  said  to  be  gold  of  twenty  carats  fine,  or 
two  carats  worse  than  standard,  See, 

General  Charaeteristies  of  Auriferous  Solutions, — Solution  of  gold  in  nitrohydrochloric 
acid  is  the  only  one  which  usually  occurs.  The  presence  of  gold  in  it  may  be  detected 
by  the  foUowuig  characteristioB : — 

(1)  Solution  of  protochloride  of  tin  throws  down  a  precipitate,  the  exact  composition 
of  which  is  still  undetermined,  but  which  is  known  as  the  "  purple  powder  ofCassius." 
The  purple  colour  is  scarcely  evident  in  the  powder  itself,  but  becomes  mai^lfest  when 
the  latter  is  frised  with  borax. 
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(2)  Solutions  of  protosalts  of  iron,  wlien  heated  with  the  auriferous  solution,  throw 
down  metallic  gold. 

(3)  A  current  of  hydrosxilphuric  acid,  solution  of  that  acid  in  water,  or  hydro- 
sulphate  of  aaimoma,  throws  down  a  hrown  or  black  precipitate,  which,  on  the  appli- 
catLoa  of  sufficient  heat,  deeomposes,  eyolyes  the  elements  of  hydrosulphurzc  acid,  and 
leaTBB  a  fixed  residue  of  metallic  gold. 

FLATINUH. 

Equivalent,  or  atomic  weight  .  98*7 

Specific  gravity  .  .  .  21*5 

This  metal  was  only  introduced  into  Europe  towards  the  middle  of  the  last  eentoxy ; 
though,  under  the  name  of  Platina,  diminutive  of  Plata,  and  signifying  little  silver,  it 
had  long  heen  known  to  the  American  Spaniards.  Platinum  is  the  most  infusiUe  of 
metals,  and  the  heaviest  of  all  known  bodies.  It  cannot  be  melted  in  the  strongestheat 
of  furnaces,  but  it  fuses  before  the  hydro-oxygen  flame,  or  when  held  in  the  Imninoiis 
axe  which  extends  betw^n  a  pair  cf  voltaic  charcoal  electrodes  in  powerful  aotion. 
Besides  this  quality  of  difficult  fusibility,  platinum  is  not  attacked  by  the  stnmgest 
acids ;  hence  it  becomes  important  to  the  chemist,  as  a  material  for  many  of  his 
instruments* 

Freparation  of  abiolutely  pure  Flatinum, — Plaftiniim  of  oommacea  is  nearly  pure,  only 
containing  a  ndnute  portion  of  iridium,  which  increases  the  hardness  of  platinum,  but 
lessens  its  maUeability.  To  obtain  platinum  absolutely  pure^  the  scheme  of  operation 
is  as  follows :— A  solution  of  commercial  platinum  is  .efiSscted  in  ^Dxtn>hydiochlaric 
acid  (chloride  of  platinum],  and  solution  of  chloride  of  potassium  ia  added.  The  y^Skm 
precipitate  which  deposits  ia  a  mixture  of  the  double  chloride  of  potassiam  and 
platinum,  with  the  double  chloride  of  potassium  and  iridium.  The  preeipitate  having 
been  intimately  mixed  with  carbonate  of  potash,  is  heated  to  redness  in  a  eruoStile  of 
porcelain.  The  result  of  this  operation  is  metallio  piatinum  and  oxide  of  iridium, 
mixed  with  chloride  of  potassium.  The  alkaline  residue  having  been  dissolved  out  by 
hot  water,  the  mixture  of  oxide  of  iridium  and  metallic  platinum  is  treated  with 
dilute  nitrohydrochloric  acid,  which  only  dissolves  the  platinum.  Sal-ammcniac 
being  now  poured  into  the  platinum  solution,  the  double  chloride  of  platinum  and  sal- 
ammoniac  (PtClg  4-  KH,  HCl)  falls,  and  on  Ihe  application  of  suffieifsit  heat  is 
decomposed;  metallic  platinum,  in  minute  state  of  division  (spongy  platinnm),  bong 
the  sole  residue. 

Inasmuch  as  platinum,  like  iron,  admits  of  being  welded,  the  spongy  platinum  just 
described  if  heated  to  complete  whiteness  and  strongly  compressed  in  a  mould,  admits 
of  being  brought  to  the  condition  of  har^pUtmum ;  and  this  latter,  by  rolling,  may  be 
converted  into  platinum  sheet.  This,  indeed,  is  aa  outline  of  the  processes  followed 
on  the  large  scale  of  platinum  manufacture. 

Properties, — The  three  most  prominent  characterutbs  of  platinum  ate  its  extreme 
density,  its  difficult  fusibility,  and  its  resistance  to  the  8olT«iit  power  of  acids. 
Hydrochloric  and  sulphuric  acids,  whether  hot  or  cold,  are  oomplstely  devoid  of 
action  on  platinum;  nor  does  nitric  acid  dissolve  it  under  ordinary  conditions. 
Nevertheless,  if  platinum  be  alloyed  with  silver  to  a  sufficient  extent,  and  the  alloy  be 
acted  upon  by  nitric  acid,  both  platinum  and  silver  ara  takeoi  up.    The  best  sdlveat 


Digiti 


zed  by  Google 


FLATINUH.  511 


for  platinum  is  chlorine ;  nitrohydrocbloric  acid  being  the  chloriniferous  fluid  usually 
employed  for  this  purpow. 

Though  platinum  resists  the  action  of  acids,  and  therefore  has  an  extensiye  sphere 
of  applicatioii  in  chemical  operations,  nevertheless  it  is  a  treacherous  metal,  and 
ressels  made  of  it  are  soon  injured,  if  the  substances  capable  of  imiting  with  it  are  not 
borne  in  mind.  Vessels  of  platinum  cannot  be  employed  for  effecting  the  fusion  of 
other  metals ;  they  are  spoiled  by  hA%ti?\g  in  contact  with  sulphur,  or  any  compound 
which  readily  eyolyes  sulphur :  phosphorus  and  arsenic,  too,  damage  them,  and  also 
eanttio  alkalies,  and  ndxtures  of  eaustic  alkalies  with  nitrates  of  the  same.  Platinum 
craciUee,  moxeorery  are  injured  by  the  prolonged  contact  of  incandescent  charcoal ;  an 
effect  which  is  due,  apparently,  to  the  action  of  silicic  acid  contained  in  the  charcoal. 
Platinum  crucibles  are  generally  heated  naked  over  the  flame  of  gas,  or  of  a  spirit- 
lamp,  or  in  a  small  furnace  containing  •charcoal;  but  if  the  operation  of  heating 
is  required  to  be  of  long  duration,  the  platinum  crucible  should  be  protected,  by 
bedding  it  in  an  earthenware  crucible,  having  magnesia  tightly  impacted  between 
tbetwo. 

Platinum,  when  obtained  in  a  very  fine  state  of  mechanical  division,  is  endowed 
witii  some  cuiious  properties.  One  form  of  finely-divided  platinum  (spongy  platinum) 
has  already  been  described ;  the  substance  termed  platinum  black  furnishes  the  metal 
in  a  condition  of  still  more  minute  division.  Platinum  black  may  be  prepared  by 
three  processes. 

(1)  By  boiling  solution  of  chloride  of  platinum,  PtClj,  with  carbonate  of  soda 
tanSL  Bvgn^  eoUeeluig  the  precipitate,  washing  and  drying. 

(2)  By  diMolving  protoohloride  of  platinum  (PtCl)  in  a  solution  of  potash,  boiling, 
tnd  adding  akn^l  until  a  precipitate  no  longer  forms,  washing  and  drying. 

(3)  By  tha  addition  of  alcohol  to  solution  of  sulphate  of  platinum. 

The  metal  in  flU  these  states  of  fine  division  has  the  property  of  absorbing  oxygen, 
and  pitodaeing  some  curious  phenomena  of  oombnstioh.  This  peculiarity  is  taken 
advantage  of  in  several  chemieal  operations.  For  example,  a  mixture  of  diloroplati- 
n«to  of  annnoitiii,  aaL^unmoniac,  and  clay,  when  made  in  the  form  of  pellets  and 
fftrongly  ignited,  yields  a  porous  mass  of  clay  and  finely-divided  platinum,  much 
employed  by  ehemists  for  effecting  the  combination  of  hydrogen  and  oxygen  gases,  in 
oertain  oases  where  the  electric  spark  would  be  inapplicable.  A  pellet  of  this  kind 
ig  also  sometinieB  employed  as  a  means  of  instantaneous  light,  by  directing  upon  it  a 
jet  of  hydrogen,  which,  if  the  pellet  be  in  good  working  order,  soon  Inflames.  These 
eoBibttsfeive  effeotaare  still  more  conspicuously  displayed  by  platinum  black,  especially  the 
variety  m^de  ^m  sulphate  of  platinum,  and  sire  sometimes  employed  for  technological 
piUposMi  Thus,  if  a  small  stream  or  continuous  drops  of  alcohol  be  permitted  to  fall 
upon  platinum  bkek,  I3ie  latter  soon  begins  to  glow,  and  the  alcohol  is  decomposed,  the 
ehief  result  of  deoomposition  being  acetio  acid.  In  tiiis  manner  acetic  acid  is  some- 
times prepared  in  Germany. 

Altbott^  finely  divided  platinum,  as  we  have  it  in  platvium  sponge  or  platinimi 
bUok,  manifests  tha  oombustive  phenomena  just  adverted  to  in  an  extreme  degree,  yet 
plfttinum  in  mast  xsanifests  a  similar  tendency,  as  may  be  illustrated  by  the  very 
eommon  experio^ent  of  murounding  the  wick  of  a  spirit  lamp  with  fine  platinum  wire, 
igniting  thd  wiok  until  the  wire  is  incandescent,  then  blowing  out  the  flame.  Under 
these  circunistaiicea  alow  comboation  of  the  alcohol  ensues,  and  the  platinum  wire 
rvnama  ukoondeiceot. 
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Platinum  icith  Oxygm — Oxide  of  Platinum, 

Platizmm  is  known  to  unite  with  oxygen  in  two  proportions,  producing  respectively 
protoxide  and  binoxide,  or  peroxide  of  platinum,  haying  the  respective  compositions  of 
PtO  and  Pt  Oj. 

Protoxide  of  Platinum, 

Preparation. — By  the  addition  of  caustic  potash  to  solution  of  pxotochloride^of  pUti* 
num,  the  precipitation  of  a  black  powder,  hydrate  of  protoxide  of  platinum  is  effected* 
It  dissolves  in  both  alkalies  and  acids. 

Binoxide  of  Platinum. 

Preparation. — By  adding  a  considerable  excess  of  caustic  potash  to  solution  of  per- 
ohloride  of  platinum,  boiling  the  yellow  precipitate  in  its  fluid  of  precipitation,  and 
adding  acetic  acid  to  the  boiled  liquor.  The  powder  which  forms  is  hydrate  of 
peroxide  of  platinum.  When  heated  it  evolves  water  and  becomes  anhydrous.  The 
hydrated  oxide  dissolves  in  acids  and  in  caustic  alkalies,  but  the  anhydrous  oxide  does 
not. 

Salts  of  the  Oxides  of  Platinum, 

Both  protoxide  and  binoxide  of  platinum  when  hydrated  can  be  made  to  unite  with 
acids.  The  salts  of  the  former  are  unimportant.  Only  one,  the  oxalate,  has  hitherto 
been  obtained  in  the  crystalline  state.  Caustic  potash  yields  no  precipitate  with  dilute 
solutions  of  these  salts ;  alkaline  carbonates  throw  down  a  brown  precipitate,  and 
hydrosulphuric  acid  and  the  alkaline  hydrosulphates  a  black  precipitate. 

Salts  having  binoxide  of  platinum  as  their  basic  constituents  are  all  yellow  or 
orange.  Caustic  potash  precipitates  from  their  solutions  the  brown  platinate  of  potash. 
Hydrosulphuric  acid  and  alkaline  hydrosulphates  throw  downablack  precipitate,  andzino 
and  iron  both  cause  the  deposition  of  metallic  platinum  in  the  condition  of  black  powder. 
With  chloride  of  potassium,  and  with  sal-ammoniac  (chloride  of  ammonium},  salts  of 
binoxide  of  platinum  yield  yellow  precipitates,  the  double  chlorides  respectively  of 
chloride  of  potassium  with  chloride  of  platinum  (Pt  Cl«  +  KCl),  and  hydrochlorate  of 
ammonia,  or  chloride  of  ammonium,  with  chloride  of  platinum  (Pt  d,  4*  NH3H  01). 

Both  these  double  chlorides  are  decomposed  by  heat,  the  ammonia  compound 
jrielding  platinum  in  the  condition  of  a  spongy  mass  (spongy  platinufti),  and  the 
potassium  compound  a  mixture  of  metallic  platinum  and  chloride  of  potassium* 
Ohloride  of  sodium  yields  no  precipitate ;  hence  a  soluble  salt  of  binoxide  of  platinum, 
or  what  in  practice  is  more  convenient,  solution  of  bichloride  of  platinum,  is  used  not 
only  to  distinguish  between  potash  ammonia  and  soda,  but  occasionally  to  separate  the 
two  former,  and  determine  their  proportions.  Now,  inasmuch  as  ammonia  is  com- 
posed of  KH3,  it  follows  that  the  chloroplatinate  of  ammonia,  as  the  double  chloride 
of  platinum  and  ammonium  is  termed,  may  be  made  the  basis  of  ascertaining  the 
amount  of  nitrogen  contained  in  any  body,  provided  that  nitrogen  exist  in  the  form  of 
ammonia.  One  of  the  processes  of  determining  the  amount  of  nitrogen  contained  in 
organic  bodies  (the  process  of  Yarrentrapp  and  Will)  is  founded  on  this  principle^ 
The  organic  nitrogenous  body  being  ignited  in  contact  with  sod&  and  lime,  all  the 
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nitrogen  becomes  conyerted  into  ammonia,  which  being  transmitted  through  a  solution 
of  hydrochloric  acid  is  absorbed ;  and  the  solution  being  precipitated  by  chloride  of 
platinum,  is  collected,  dried,  weighed,  and  the  amount  of  nitrogen  present  determined 
by  an  obyioua  calculation.  Both  the  chloroplatinate  of  potassium  and  of  ammonium 
are  nearly  insoluble  in  cold  water ;  but  alcohol,  and  still  better  a  mixture  of  alcohol 
and. ether,  added  to  the  liquor  of  precipitation,  renders  the  precipitate  still  more 
insoluble. 

Sulphate  of  Binoxide  of  Platinum, 

This  salt  is  interesting  as  furnishing  the  best  source  from  which  to  obtain  platinum 
black.  It  is  made  by  digesting  sulphuret  of  platinum  (formed  by  passing  hydro- 
sulphuric  acid  gas  through  solution  of  chloride  of  platinum)  with  sulphuric  acid. 

Chloride  of  Platinum, 

These  salts  are  far  more  important  than  any  of  the  platinum  salts  which  have 
been  adyerted  to.  There  are  two  chlorides  of  platinum,  the  protochloride  and  the 
bichloride,  corresponding  respectively  to  the  two  oxides.  It  will  be  convenient  to 
describe  the  bichloride  of  platinum  first. 

Bichloride  of  Platinum, 

Proration, — When  platinum  is  dissolved  in  nitro-hydrochloric  acid,  solution  of 
bichloride  of  platinum  is  obtained,  mixed,  however,  with  some  nitric  and  hydrochloric 
acids.  These,  however,  may  be  dissipated  by  cautious  heating,  when  the  bichloride  of 
platinum  remains  pure.  It  dissolves  in  water,  furnishing  a  yellow  solution.  This 
chloride  does  not  crystallize. 

Protochloride  of  Platinum 

is  obtained  from  the  bichloride  by  exposing  the  latter  to  a  heat  not  exceeding 
390"  Fah.  It  is  a  greenish  powder,  insoluble  in  water,  soluble  in  hydrochloric  acid,  and 
yields  no  precipitate  with  either  hydrochlorate  of  ammonia  or  chloride  of  potassium. 


Equivalent  or  atomic  weight        .        .        .        .        19*6 
Specific  gravity (about)  10 

Preparation, — By  heating  the  double  chloride  of  osmium  and  ammonium. 

2yqp«^t#».— A  white  metal,  not  quite  devoid  of  malleability,  but  nevertheless 
brittie;  exceedingly  infusible.  When  heated,  it  rapidly  combines  with  oxygen, 
becoming  osmic  acid.  Nitric  acid  dissolves  it,  generating  osmic  add.  Nitrohydro- 
chloric  acid  effects  this  change  with  still  greater  ftcility.  When  osmium  is  sharply 
heated  in  contact  with  caustic  alkalies,  and  alkaline  nitrates,  alkaUne  osmiates  are 
formed.  Finely-divided  osmium,  when  heated  in  the  air,  oxidizes,  with  formation  of 
osmic  acid,  characterized  by  a  very  peculiar  smell,  indicative  of  tiie  presence  of 
osmium,  the  name  of  which,— from  W/ii,  smell,— was  suggested  by  the  odoriferous 
quaHiy  of  osmic  acid.  ^^^^ 


CHEMISTRY.— No.  XVII.  2  u 

Digitized  by  CjOOQ IC 


514  OSmt  ACtD. 


Fiye  of  these  cottipoimcis  are  kiiow%  and  their  compositioxL  is  thus  repiesented : — 
Pt^toxide  ,        ....        OS  0 


Biiioxide    . 
Osmious  acid 
Osmic  acid 


OS  O3 
OS  O4 


Troiowide  of  Osmium. 

Preparation. — ^When  potash  solution  is  added  to  the  double  chloride  of  osmium  and 
potassium,  a  dark  green  powder  precipitates.  It  is  the  protoxide  of  osmium,  which 
dissolyes  in  acids,  forming  green  solutions. 

BetqmonMeof  OMVMwm. 

IVdPpam^fofi.— When  a  mixture  of  osmic  acid  with  annftonia  is  heated  for  a  con- 
siderable period  at  a  temperature  of  about  112°  Fah.,  sesquioxide  of  osmium,  mingled 
with  ammonia,  from  which  it  cannot  be  separated,  is  obtained.  This  oxide  dissolves 
in  acids,  and  yields  non-crystallizaUe  yellow  solations. 

Bitumde  of  Oemiim. 

Trepwation. — By  transmitting  chlorine  through  a  mixture  of  finely-di-nded  osmium 
and  chlend^  of  potassium,  a  double  chloride  of  osmium^  and  potassium,  haring  the 
formula  Os  Cl^  +  KCl,  is  obtained.    When  to  this  salt  a  cold  solution  of  carbonate  of 
,  potash  is  added,  a  black  powder,  which  is  binoxide  of  osmium,  results.^ 

Ownie  Add, 

The  formation  of  this  compound,  by  strongly  heating  metallic  osmium  in  presence 
of  atmospheric  air,  has  been  already  noticed.  The  change  takes  place  still  more  satis- 
factorily if  oxygen  gas  be  substituted  for  atmospheric  air.  It  is  also  generated  when 
osmium  is  digested  with  nitric  or  nitro-hydrochloric  acid,  or  strongly  heated 
with  nitrate  of  potash ;  and,  lastly,  when  an  osmiate  is  decomposed  by  a  stronger 
acid. 

Osmious  acid  has  never  been  isolated.  Osmite  of  potash  may  be  obtained  by  mixing 
a  little  alcohol  witih  solution  of  osmiate  of  potash. 

The  precetog  general  indications  of  the  chemical  bearings  of  osmium  will  render 
the  method  of  obtaining  this  metal  from  its  ore  intelligible.  Osmium  almost  invariably 
accompainies  native  platinum.  It  is  found  united  with  iridium,  another  metal  to  be 
presently  described,  forming' s<Jales,  or  occasionally  crystals  of  the  substance  termed 
i^mitfret  of  iridium'.  This  compoxmdnot  being  easily  soluble*  in  agua  regia  remains 
behind  when  native'  ^tetiftum  is  subjected  to  that  mettstmum.  Osmium  may  be 
obtaiAfed! fretai  the  cfsmitiret  of  irMfam  by  a  process  of  whichthe  following  is  an  oirt- 
liae:-^IO(r  parts'  of  powdlired  osinitipet  of  iridium  are  intimately  incorporated  with 
300  parts  of  nitre,  and  [heated  to'  redness.    The  fused  mass  whSeh  cowtafew  osmiate 
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and  iridiate  of  potash  being  poured  upon  a  flat  surface,  is  broken  small,  introduced 
into  a  glass  retort,  and  an  excess  of  nitric  acid  added.  A  cooled  receiver  being  adapted 
to  the  retort,  and  heat  applied,  osmic  acid  distils  over,  and  deposits  in  the  form  of  white 
crystals.  These  being  dissolved  in  solution  of  potash,  and  alcohol  added,  osmite  of 
p^taBsh  fiidls,  from:  which  osmiinn  and  its  oompoands  may  be  prepared  byproeesses 
T^ioh  are  obrioTis. 

The  matti^  resudning  in  the  retort  after  all  the  osmic  acid  formed  has  >  come  oye)r 
is  chiefly  <»dde  of  iridium,  mixed,  howwer,  with  some  oxide  of  osmium.  The  miztttre 
being  dissolved  in  ctqua  reffia,  and  hydrochlorate  of  ammonia  added,  both  the  iridhim 
and  the  osmium  are  precipitated  in  the  form  of  ammoniacal  chlorides,  the  composition 
of  which,  if  the  symbol  M  stand  for  metalf  may  be  represented  by  the  general  formula 
MClg  +'  NH3HO.  If  these- mixed  ammoniacal  chlorides  be  suspended  in  water,  and  a 
ctomnt  of  9iiIph»roii&  acid  transmitted,  th«  insoluble  ammoniacal  chloride  of  iriditim 
IrClj  +  WHj  is  changed  into;the  soluble-  ammoniacal  chloride  Ir.Cl  +  NHaHfOI,  whilst: 
the  ammoniacal  chloride  of'  osmium-  remains  unchanged.  When  strongly  heated  it 
yirid»metalHc  oflmium. 

Equivalent,  or  atomic  weight 9^ 

Specific  gravity ? 

Preparation. — The  soluUe  ammoniacal  chloride  of  iridium,  described  in  the  last 
paragraph,' deposits  in  crystals  when  the  solution  containing  it  is  evaporated.  When 
these  crystals  are  strongly  heated  they  yield  metallic  iridium  in  the  condition  of 
powder.  Iridium  is  still  less  fusible  than  platinum ;  but  if  the  powder  be  heated  to 
whiteness,  and  strongly  pressed,  it  aggregates  into  a  mass,  still  not  devoid  of  porosity^ 
but  exceedingly  hard.  Pure  iridium  neither  dissolves  in  nitric  acid  nor  in  aqua  regva^ 
but  it  dissolves  in  these  when  alloyed  with  other  metals. 

Iridium  yields  four  oxides,  four  chlorides,  and  one  sulphuret. 

PALLADIUM. 

;  Equivalent  or  atomic  weight    .        .        •    53*3 

Specific  gravity        .-       ^       .        .        .    11*8 

This  metal  is  also  obtained  from  platiniferous  minerals  and  from  a  certain  Brazilian 
gold  ore ;  in  appearance  it  is  intermediate  between  platinum  and  silver.  It  is  consi- 
derably more  fusible  than  platinum,  and,  like  platinum,  soft,  malleable,  ductile,  and 
'  capable  of  being  welded  when  heated  to  whiteness.  Palladiimi  is  applied  to  many 
'  useful  purposes.  Dentists  sometimes  employ  it  to  form  artificial  palates ;  opticians 
use  it  occasionally  in  the  fonnation  of  graduated  scales;  and  the  manufacturers  of 
weighing-balances  for  the  beions  of  these  delicate  instruments.  For  all  these  purposes 
the  metfd  palladium  is  well  adapted,  not  being  acted  on  by  any  ordinary  atmospheric 

impurity. 
'  Combinations  of  FaUadium  with  Oxygen, 

!       There  are'  two  oxides  of  palladium, — the  protoxide  and  the  binoxide  ;<  the  latter, 
however,  has  never  been  isolated, 

Combinations  of  Palladium  with  Chlorine, 
Nitric  acid  can  dissolve  palladium ;  but  chlorine  is  a  better  agent.    Aqua  regia  is 
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the  cbloriniferous  menstruum  generally  employed   There  exist  two  chlorides  of  palla- 
dium corresponding  in  general  relations  to  the  two  chlorides  of  platinum. 

Cyanogen  with  Palladium'^Cyanide  of  Palladium, 

Cyanogen  and  palladium  have  a  great  affinity ;  so  that  when  a  soluble  cyanide,  such 
as  cyanide  of  inercury  or  of  potash,  for  example,  is  poured  into  a  neutral  solution 
containing  palladium,  the  metal  separates  as  cyanide.  It  is  by  taking  advantage  of 
this  property  of  cyanogen  to  unite  with  palladium  that  the  metal  is  separated  from 
its  associatesj'platinum  and  gold. 

BHODIUM  ANDBUTHENrUH. 

These  metals  are  also  found  associated  with  platinum,  and  the  former  ocoasionally 
with  gold.  Khodium  is  obtained  £rom  the  mother  liquid,  out  of  which  platinum  and 
palladium  have  both  been  separated.  It  is  obtained  by  taldng  advantage  of  the  inso- 
lubility of  the  double  chloride  of  rhodium  and  sodium  in  alcohol.  Bhodium  is  so 
called  on  account  of  the  rose-colour  of  its  solutions.  It  is  a  veiy  hard  white  metal, 
even  more  infusible  than  platinum.  It  forms  two  oxides,  two  chlorides,  and  a 
sulphuret.  Buihenium  very  much  resembles  iridium,  with  which  it  was  for  a  long 
time  confounded. 

JOHN  SCOFFKEN,  M.B 
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Aberaatiok,  spherical  and  ohromatic,  72,  73. 

Absorption  of  heat,  135. 

Absolute  quantity  of  heat,  106. 

Accumulated  electricity,  *bome  effects  of,  229. 

Acetates  of  lead,  467. 

Acetate  of  silyer,  504. 

Acids,  combination  and  analysis  of,  318 ;  un- 
known tests  for,  317 ;  and  basic  function  the, 
897. 

Acidulous  springs,  300. 

Acoustic  properties  of  hydrogen  gas,  illus- 
trated, 299. 

Actinism,  or  tithonicity,  83. 

Action  of  lead  upon  water,  465. 

Aeriform  bodies,  expansion  of,  109. 

Affinity  (Lat.  affi/nis^  pertaining  or  kindred 
to),  chemical,  2,  27. 

Aggregation  (Lat.  aggregata),  attraction  of,  2. 

Air,  how  it  effects  the  balance  4,  specific 
heat  of,  199. 

Air-tight  apparatus,  how  to  connect,  292. 

Albumen,  combines  readily  with  corrosire 
sublimate,  497. 

Alcohol,  boiling  point  of,  163;  experiments 
with  boiling,  109. 

Alkalimetry,  412. 

Alkalimeter,  the,  {alkali,  a  salt ;  Or.,  metron, 
a  measure),  412,  413. 

Alliaceous  odour  of  yapourised  arsenic,  476. 

Allotropic  condition  of  sulphur,  336. 

Alloy,  amount  of  in  silver  coin,  505. 

Alloy,  per-centage  of,  in  gold,  508. 

Alloys  of  copper,  492. 

Alum,  usual  form  of,  15,  428. 

Alumina  or  oxide  of  aluminium,  426  ;  prepa- 
rations, ib. ;  properties,  ib. ;  combinations 
with  sulphuric  acid,  429;  preparation,  ib. ; 
properties,  lb. 

Aluminium,  425 ;  compounds  in  solution,  cha- 
racteristics of,  428. 

Amalgams  (Or.  ama  together,  and  gameo  to 
marry)  for  electrical  machines,  221. 

Amber  (a  brittle  resin,  the  succiutn  of  Lin- 
naeus), how  electricity  is  developed  from,  205. 

Amidogen,  334. 


Ammonia,  327 ;  history  and  synonymes,  and 
preparation  of,  ib.;  porperties,  328;  analy- 
sis of,  329 ;  aqueous  solution  of,  330 ;  forma- 
tion of,  ib. ;  quantitative  estimation  of,  888. 

Ammonia  1  solutions,  characteristioa  of,  479. 

Ammoniacal  oxide  of  gold,  508. 

Ammonium,  334. 

Amorphous  masses,  16. 

Amount  of  oxygen  in  the  world,  280. 

Ampere's  theory  of  magnetism,  269. 

Analogies  of  light  and  sound,  81. 

Analysis  (Or.  analusiSf  to  resolve),  28. 

Analytical  composition  of  nitric  acid,  318. 

Anhydrous  nitric  acid,  315. 

Anhydrous  hydrocyanic  add,  392. 

Anhydrous  oxide,  469. 

Animal  bodies,  is  arsenic  a  normal  consti- 
tuent of,  482, 

Anions,  meaning  of  the  term,  279. 

Antagonistic  forces,  55. 

Antimonio  acid,  471. 

Aniimonious  acid,  470 ;  symbol  of,  preparation 
and  properties  of  471. 

Antimonic  acid,  preparation,  properties,  ftc., 
of,  471. 

Antimonio  add  a  test  for  soda,  478. 

Antimony,  melting  point  of,  162. 

Antimony,  properties  of,  470. 

Antimony  and  Oxygen,  combinations  of,  470. 

Antimony  and  hydrogen,  combination  of,  471. 

Antimony,  snlphurets  of,  472. 

Antimony,  pentaohloride  of,  its  properties,  &o., 
474. 

Apparatus  for  exhibiting  the  latent  heat  of 
steam,  158 ;  for  submitting  gases  to  the  ac- 
tion of  electricity,  183. 

Aqua  Begia  (Lat.  qua  vivimus),  359. 

Aqueous  solnUon  of  hypochlQrous  add  and  its 
compounds,  860. 

Aqueous  vapour,  spedflo  heat  of,  199. 

Arqenic  acid,  37. 

Arsenic  add,  preparation  and  properties  of, 
477. 

Arseniates,  478. 

Arsenic,  chloride  of,  480 ;  tests  for,  ib. 

Arsenic  (Lat.  araenicum),  equivalent  or  atomic 
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widght  and  spedflc  gravity  of,  preparation 

Binoxide  of  nitrogen,  37;   analysis  of,  324; 

history  and  synonymes,  325 ;   preparation. 

Arsenic,  iulphureta  of,  479. 

326;  properties,  ib. 

Arsenioufl  acid,  477. 

Binoxide  of  strontia,  419 ;  salts  of,  nitrate  of, 

ArseniouB  acid,  toxioological  examination  for, 

carbonate  and  sulphate  of;  general  charac- 

480. 

teristic  of,  and  its  combination,  ib. 

Arsenioos  add,  detection  of  in  mixed  soln- 

Binoxide  of  silrer,  502. 

tions,  481. 

Binoxide  of  tungsten,  485. 

Arsenical  and  antimonial  crtist,  distin<!ti(m 

Bismutii,  469. 

between,  482. 

Bismutiiic  acid,  469. 

Bismuth,  equivalent  or  atomic  weight,  and 

Assay  of  gold,  509. 

specific  gravity  of,  468. 

Assaying  of  silTer,  505. 

Bismuth,  neutral  nitrate  of,  469;  properties 

ArtSfleiaUy..dried  gasses,  how  to  collect,  990. 

and  preparation  of,  ib. 

^Atmop|>bere  (Gr.  a<N>o«  Tapoftr,  and  sphaina  a 

Bismuth,  oxide  of,  preparation  of,  469. 

spbave  or  region),  tto'ipclgiit,  speeiflo  heat 

Bismuth  and  oxygen,  combination  of,  468. 

Bismuth,  salts  of,  general  characteristics  of. 

AtBMpherio  air,  specific  hmt  of,  SOS,  809; 

469. 

composition  of,  JIO ;  amount  of  oxygen  and 

BUdder-glass,  tiie,  296. 

nitrogen  io,  how  to  ascertain,  ib. ;  extent 

Black  oxide  of  mercury,  495. 

of,  ib. 

Bodies  composed  of  particles,  1. 

Atmosplwrio  piemre,  iniliMBeeor,  161. 

Bodies  to  act  on  each  other  must  be  inja  state 

Atom  (Or.  a«smM,  tnoapable  of  being  «nt  or 

of  solution,  64. 

diYided),existaMeof,l9. 

Bodies  in  nature  have  a  tendency  to  approach 

Atomietheoi7,the,S9. 

each  other,  1. 

Attraetien  or  affinity,  2,  63. 

Bodies  which  dissolve  more  readily  than  others. 

Attraction  of  gravitation  and  aggregatt<»,  1. 

64. 

Attraction  and  Mpnlsion,  Faraday's  experi- 

BoUhig point,  the,  influenced  by  pressure,  147. 

ments  on,  208. 

Boiling  points  of  certain  substances,  162, 168. 

Aufc  add  (peroxide  of  gold),  M8. 

Boron,  168,  379 ;  history  and  natural  history, 

ib. ;  preparation,  ib. ;  properties,  ib. ;  com- 

teristic8.of, 509. 

bination  with  oxygen,  379;   preparation, 

B 

ib. ;  properties,  ib. ;  with  chlorine,  380 ;  pre- 

paration, ib. ;  properties, ib.;  wilhfluoriae, 

BalaMe,deAnitienof,2. 

380  ;  preparation,  ib.;  properties,  ib. 

Balloon,  why  it  rises,  2. 

Boyle's  hell,  495. 

Bazinm,  49 ;  protoxide  of,  306 ;  properties  of. 

Brass,  melting  point  of,  162. 

ib. ;  sulphides  of,  418;  chloride  of,  ib. 

Brass,  492. 

Barometer  (air  measurer ;  Gr.  haros  beary. 

Brequet's  thermometer  (heat  measurer ;  Gr. 

metreo  to  measure),  the,  812 ;  how  to  make, 

tkerme  warmth,  and  tnetron  a  measure). 

813 ;  ftmctions  of,  ib. ;  form  of,  314. 

principle  of,  121. 

'Baryta,  hydrate  of ;  peroxide,  or  binoxide  of ; 

Bromine,  364;  history,  etymology,  and  gene- 

salt of;  nitrate  of;  carbobate  of,  417;  cha- 

ral remarks,  ib. ;  preparation,  365 ;  combi- 

racteristics of,  418. 

nation  with  hydrogen,  365;  preparation  and 

Battery,  yoUa's,'Smee*B,  ftc,  262;  Professor 

properties,  366. 

(Ersted's  experiments  with,  264;  thermo- 

Bromine, melting  point  of,  162. 

electric,  276. 

Bronze,  492. 

Berthdlet,  on  electric  affinity,  68. 

Berzelius,  on  the  law  of  atoms,  44 ;  theory  of,  46. 

C 

Biborateofseda,4Il. 

Cadmium,  history  and  method  of  obtaining. 

Biearbonate  of  soda,  410 ;  sesquicarbonate  of. 

458 ;  properties,  preparation,  salts,  and  com- 

ib,;  nitrate  of,  ib. 

binations,  459. 

Binary  (two-fold),  Ternary  (three-fold),  and 

Calcigenous  metals,  434 ;  properties  of,  ib. 

Quartemary  (four.fold),  combinations,  41. 

Calcium,  49 ;  combination  of  with  sulphur  (sul- 

phate of  calcium) ;  with  chloride  (chloride 

Binary  classification  and  combination,  279. 

of  calcium);  with  fluorine  (fluoride  of  cal- 

Binoxide  of  lead,  its  preparation,  properties, 

cium) ;  characteristic  distinctions  of  these 

&c.,  466. 

compounds,  423. 
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Calcium  with  oxygep,  compomads  of;  protox- 
;:iae  of  (lime),  419. 
Calomel,  494. 

Calomel  blackened  by  aolvtion  of  ammonia, 
605. 

Calomel  (dioUoride  of  merourj),  prepara- 
tion,  properties,  &c.  of,  498.  

Cftlotype  prooew  Asaitted  by  b^^oeolpliUe  of 
■ilTor,  504. 

Caloric  or  heat,  general  obserYations  on,  97 ; 
degrees  of  expansion  of,  98 ;  laws  of,  ib. ; 
radiation  of,  101 ;  p^tarisvtion  of,  104;  «on. 
ducting  powera  of,  105;  solid  and  li^d 
oondiMtors  of,  1S5. 

Caloric  a  cause  of  fluidity,  160 ;  as  oeoasioBing 
the  spheroidal  state  of  fiiUds,  189;  the  cause 
of  liquidity,  140 ;  the  cause  of  TapoKr,  14S ; 
cxpalsiTe  fone  of,  146 ;  pMHoles  'Of  mu- 
tually repulsire,  146;  relation  of  .to  the 
spheroidal  state,  193;  inropertions  of  in  water 
and  mercury,  197. 

Calorimeter  (a  heat  measurer),  fhel9. 

Camphor,  melting  point  of,  162. 

Caoutcheoo,  S07, 

Carat,  the  meaning  of,  in.ooiiyng,  509. 

Carbonate  of  silver,  504. 

Carbonio  add,  vieltiBg  point  ot,  162. 

Carbon,  uanal  oondiiian  ot,  15,  388. 

Carbonates  (salts  formed  by  the  union  of  car- 
bonio  acid  with  different  bases),  404  et  seq. 

Carbonate  of  lead  (white  lead),  468;  how  to 
make,  ib. 

Carbonic  acid,  87, 385 ;  history,  natural  history, 
and  synonymes,  ib. ;  preparationand  proper- 
ties of,  ib. ;  condensation  of,  387 ;  analytical 
determination  of,  389. 

Carbonic  ozide«  39Q ;  preparation,  ib..;  proper- 
ties, 391. 

Cathions,  meaning  of,  279. 

Cav^idish,'  Mr.,  experiments  by,  185. 

Ceramic  ware  (Gr.  Keramitis^  pottery  and 
porcelain),  429  ;  general  remarks,  ib.  ; 
coloured  ceramic,  lb. ;  white  ceramic,  430; 
red  pottery,  white  enammelled,  ib. ;  porce- 
lain, ib. ;  soft,  431 ;  ornamentation  of,  432. 

Cerium  (from  a  Swedish  mineral  called  cerite) , 
428. 

Characteristics  of  metals,  394. 

Charcoal  powder,  its  use,  294. 

Charcoal,  specific  heat  of,  199. 

Chemical  action,  exemplification  of,  27 ;  com-  | 
buiations,  examples  of,  37 ;  affinity,  causes  ' 
which  modify  the  action  of,.  54 ;  xelations  of  I 
metals,  396. 

Chemistry,  definition  of,  1 ;  of  imponderable 
agents,  67 ;  of  inorganic  bodies,  278. 

Chloride  of  antimony,  474. 

Chloride  of  arsenic,  480. 


Chloride  of  lead,  its  preparation  and  proj^- 
ties,  468. 

Chlorideofmercury,  497. 

Chloride  ,of  silio(Mi,  383  ;  preparation,  ib* ; 
properties,  ib. ;  of  sodium,  411. 

Chloride  of  silver,  504;  blackened  by  the  sun^s 
rays,  505. 

Chlorides  of  chromium,  429. 

Chlorides  of  gold,  508. 

Chlorides,  &c.,  of  platinum,  ^13. 

Chlorine  and  alumininm  (chloride  of  alumi- 
nium) 426;  preparation  Qf,ib.;  pa>perties 
of,  427. 

Chlorine  with  pitrogen,  364;  history «nd  gene- 
ral remarks,  ib.;  preparation,  ib. ;  hiatocy 
and  synonymes,  and  preparation  ot,  354; 
with  hydrogen,  355 ;  history  and  synonymes, 
ib.  ;  preparation,  ib. ;  properties,  357 ; 
chlorine  with  oxygen,  compounds  of,  359; 
with  sulphur,  combinations  of,  863. 

Chlorochronio  sold,  450. 

Chloric  acid,  361;  history,  synonymes,  and 
general  remarks,  ib. ;  preparation,  ib. ;  pro- 
perties, 362. 

Chlorous  acid,  361. 

Chromates  (union  of  earthy  bases  with  chro- 
mic acid,  449. 

Chromatics  (the  science  of  colours,  72. 

Chromatic  aberration  of  light,  73. 

Chrome  or  chromium,  444 ;  protoxide  of,  445 ; 
preparation  and  properties,  ib. ;  sesquiox- 
ide  of,  ib. ;  preparation  and  formulsB,  446 ; 
salts  of,  447  et  seq. 

Chromic  acid,  method  of  pr^aring,  448 ;  pro- 
perties, 449. 

Cinnabar,  500. 

Circular  polarization,  81. 

Cobalt,  meltixig  point  of,  163. 

Cobalt,  history  of,  and  preparation,  452 ;  pro- 
perties, 453 ;  combinations  with  oxygen,  ib. 
et  seq. 

Cohesive  attraction,  12. 

Cohesion  (power  of  attachment  in  particles), 
56. 

Cold  by  evaporation,  15S. 

Columbium,  464. 

Combination,  theories  of,  852. 

Combinations  of  the  second  degree,  397. 

Combinations  of  iodine  with  sulphur  and  chlo- 
rine, 869. 

Combustion  and  incandescence,  243. 

Common  salt,  crystals  of,  23. 

Comparison  of  thermometers,  129. 

Compensation  pendulums  and  balances,  115 ; 
various  experiments  with,  117. 

Complex  affinity,  examples  of,  61. 

Compounds,  415;  scheme  1,  ib.;  scheme  2, 
416. 
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Compomid  atomB,  2. 

Definite  combination,  law  of,  34. 

Oondeiuer,  fhe,  218. 

Deflagration  (purification  by  fire),  tiie,  of  steel 

Condueton  of  caloric,  solid  and  liquid,  135. 

wire,  245. 

Conductiog  powers  of  solid  bodies,  137 ;  of  the 

De  Luo*s  electrical  column,  258. 

Densities  (Lat  detuus  thick)  of  gases,  toble 

Congelation  of  mercury,  151. 

of,  168;  experiments  of  various  chemists 

ConTertibility  of  gases  into  liquids,  161. 

on,  169. 

Copper,  186. 

Detection  of  arsenious  add  in  mixed  solm- 

Copper,  acetetes  of,  490. 

tions,  481 ;  method  of  proceeding  for,  482. 

Copper,  aUoys  of,  492. 

Development,  the,  of  crystals,  27. 

Copper,  araenite  of,  490. 

Diamond  scratch,  8 ;  speeifio  heat  of,  199  ; 

Copper,  atomic  weight  and  specific  gravity  of. 

formation  of  the,  384. 

487. 

Copper,  bisulphurets  of,  491. 

Copper,  chemically  pure,  how  to  prepare,  488. 

272,  273. 

Copper,  combinations  of,  488. 

Dia-magnetic  bodies,  Ust  of,  273. 

Copper,  dichloride  of,  491. 

Dichloride  of  gold,  508. 

Copper,  historical  account  of,  487, 

Copper,  hydruret  of,  491. 

111. 

Copper,  nitrate  of,  489. 

Diaintregated  particles,  7. 

Copper,  properties  of,  488. 

Distilled  verdigris,  491. 

Copper,  protochloride  of,  491. 

Donarium,  279. 

Copper,  protosulphuret  of,  491. 

Copper,  protojtide  of,  489. 

Double  electro-aflinity  illustrated,  66. 

Copper,  sub-oxide  of,  489. 

DuaUty  (Lat.  duo  two)  of  electrical  agency. 

Copper,  sulphate  of,  489. 

212. 

Copper,  sulphurets  of,  490. 

Duality  or  combining  tendency  of  electro  posi- 

Copper  wire,  magnetic  effects  of,  266. 

tive  and  electro  negative  radicals,  397. 

Cork-borers,  their  use,  &c. 

Corpuscular  and  imdulatory  theories,  78, 

S 

Corrosive  sublimate,  4p4. 

Corrosive  sublimate,  497. 

Efflorescence   (Lat.  effloreaceniia  flowering). 

Cryoephorus,  or  frost-bearer,  158. 

57. 

Epilopic  dispersion,  94. 

ISetseq. 

Erbium,  428. 

Crystals,  not  necessarily  transparent,  18 ;  the 

Elasticity,  56. 

word  as  understood  by  chemists,  ib. 

EU&sticity  of  aqueous  vapour,  table  of,  148. 

Electric  affinity,  50. 

Crystalline  forms  and  optical  properties,  view 

Electrical  quantity  and  intensity,  211. 

of  the  connexion  between,  77. 

Electiicity,  velocity  of,  237 ;  a  condition  of 

Crystallography,  its  practical  uses,  22  et  seq. 

matter,  239. 

Capellation  (a  process   by  which  silver  is 

Elective  affinity,  50. 

asisayed),  505. 

Electric  current,  direction  of  the,  242, 

Cupreous  salts,  489. 

Electric  battery,  228. 

Cnpric  acid,  489. 

Electirical  state  of  bodies,  57. 

Cassius,  purple  powder  of,  509. 

Cyanide  of  silver,  505. 

Electrical  machine,  the,  219;  action  and  ma- 

Cyanogen  (blcarburet  of  nitrogen),  391 ;  com- 

nagement of,  220  et  seq. 

binations  of,  ib. ;  preparation,  392. 

Experiments,  221  et  seq. 

Electiric  light,  tiie  246. 

D 

Dalton,  the  discoverer  of  the  atomic  theory. 

37,  40,  46. 

Electricity  (Or.  electron  amber),  definition  of. 

Davy's  Lamp  explained,  297 ;  unsafe  in  cer- ' 

204;  development  of,  205;  substances  that 

tain  situations,  ib. ;  causes  of  accidents  with, 

are  electrics,  206 ;  conducting  and  non-con- 

ib. 

ducting  bodies,  207 ;   experiments,  208  et 

Decomposition  of  water,  248. 

seq. 

Definite  proportionality,  law  of;  33. 

Electricity,  mntoal  efiBects  of  paraUel,  267. 
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Eleetrioity,  atmospherie  theory  of  lightning- 
rods,  282 ;  theory  of,  283. 

Electricity  identical  with  nervotts  energy,  267. 

Electricity  as  a  motiTe  force,  273  et  seq. 

ElectrO'^hemical  theory  of  Davy,  the,  248. 

Electrophoms,  the,  217. 

Electro-deposition,  theory  of,  254. 

Electro-magnetism,  262 ;  true  condition  of, 
263;  experiments,  264. 

Electrometer  (measure  of  electricity),  the 
gold-leaf,  209. 

Elementary  atoms,  2. 

Elementary  bodies,  names  of,  29. 

Elementary  bodies,  list  of,  278. 

Enlargement  of  the  balk  of  water  by  heat,  152. 

Epsom  salts,  crystals  of,  28. 

Equilibrium  of  the  ocean,  4. 

Ether,  how  changed  into  gas,  146. 

Ether,  melting  point,  62. 

Eudiometer,  the,  of  Cavendish,  274. 

Evaporating  point  of  spherlodal  water,  194. 

Evaporation,  dispersion  by  heat,  spontaneous, 
147. 

Expansion,  increase  of  bulk,  laws  of  thermal, 
110. 

Expansion,  exception  to  general  laws  of,  128. 

Expansive  force  of  water,  804. 

Experimental  illustrations  of  afllnity,  68. 

Experiments  on  the  congelation  of  mercury, 
151. 

Experiments  on  the  radiating  power  of  dif- 
ferent surfaces,  184. 

Experiments  with  spheroidal  water,  194  et  seq* 

Experiments,  class  room,  208. 

Explosions,  violent  expansion  of  elastic  fluids, 
prevention  of  in  boilers,  198. 

Explosive  nature  of  mixed  oxygen  and  hydro- 
gen, how  shown,  296. 

Experiments  on  the  conducting  power  of 
water,  188, 189. 

Expulsive  force  of  caloric,  146. 


Fdence,  or  earthenware,  431. 

Fftraday's  experiments,  250. 

Feathers,  207. 

Franklin's  one-fluid  theory,  242. 

Free  caloric,  effects  of,  107. 

Ferroaesquicyanide  of  potassium  (red  prussiate 

of  potash),  448. 
Fenrioaeidr489. 
Five  hundred  grain  bottles,  8. 
Fire-damp,  its  compositiott,  291. 
Flame,  elevation  of  temperaturer  necessary  to, 

295. 
Fluor  spar,  17. 
Fluoric  acid,  168. 
Fluorine,  869;  general  remarks,  ib. 


Fluorine  with  hydrogen,  compounds  of,  869 ; 

general  remarks,  ib. ;  preparation,  ib. 
Forms  of  crystals,  18. 
Forces,  destruction  of,  2. 
Forces  of  affinity,  59. 
Freezing  water  in  a  red-hot  crucible,  195. 
Freezing  mixtures,  141. 
Friction,  can  electricity  be  developed  other. 

wise  than  by,  211 ;  experiments  in  proof, 

212. 
Fulminate  of  mercury,  496. 
Fulminate  of  mercury,  497. 
Fulminating  gold,  508. 
Fulminating  mercury,  where  prepared   and 

how,  496. 
FusibiUty  of  metals,  896. 

e 

Galvanic  or  Voltaic  electricity  (so  called  from 

Oalvani  and  Yolta,  its  discoverers),  240 ;  its 

origin,  history,  and  theory,  ib. 
Galvanometer,  the,  265. 
Gases  (Ger.  gtfitt,  spirit),  general  properties 

of,  160  et  seq. 
Gases,  change  of  bulk  of,  164 ;  by  mechanical 

rarefaction,  ib. ;  dilatibiUty  of,  by  heat,  ib. ; 

specific  heat  of,  166. 
Gases,  conver^ble  into  liquids,  161;  Faraday's 

experiments  on,  ib. ;  under  pressure,  163  ; 

specific  gravity  of  various,  166, 167. 
Gases,  M.  Guard's  experiments,  177. 
Gases,  igniting  by  a  spark,  230 ;  eudiometer 

explained,  ib. ;  various  forms  of,  281 ;  elec- 
tricity, influence  of  on  solids,  231. 
Gases,  how  to  weigh,  184 ;  various  apparatus 

for  the  purpose,  185 ;  rules  for  conducting 

experiments  on,  186. 
Gases,  speciflc  gravity  of,  166 ;  tables  of,  with 

names  of  authorities,  167 ;  table  of  densities 

of,  168 ;  how  obtained,  170. 
Gases,  absorbed  by  liquids,  '174;  what  soUd 

bodies  absorb  the,  175 ;  diflhsiveness  of,  176 ; 

comparative  somniferous  properties  of  the, 

177 ;  apparatus  for  experiments  on,  178,  et 

•eq. 
Gases,  expansion  of  by  heat.  111. 
Gases,  specific  heat  of,  199 ;  at  the  ordinary 

atmoBpheric  pressure,  201 ;  capacity  for  heat 

of,  203 ;  heat  of  augments  with  its  density, 

lb. 
Gaseous  arseniurets  of  hydrogen,  478. 
Gaseous  jet,  how  to  obtain,  292. 
Gases,  pbo^hnretted  hydrogen,  877. 
Gasometer   (gas  measurer),    the  mercurial, 

181. 
German  sUver,  452. 
Glass,  various  kinds  of,  composition  of,  482 ; 

its  solubUity,  438 ;  capability  of  fusion,  ib. ; 
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how  prodaoed,  ib ;  colour  Qi;.haw  inparted, 

434. 
Glauber's  salts,  orystals  o/,  23. 
Glazing  of  pottery,  431. 
Glacbiuin,  or  Glucinium,  42S. 
Gold,  186 ;  meUiog  point  of,  163. 
Gold  assaying,  mode  o^  509. 
Gold,  atomic  weight  and  speoifiograYity,.507  ; 

nearly  always  found  in  a  metallic  state,  ib. ; 

combinations  of  with  various  metals,  ib.«  et 

seq. 
Goniometer  (an  instrummt  to  measure  angles 

with),  how  to  use,  20. 
Goulard's  extract,  466. 
Graphite,  specific  heat  of,  199. 
Gravitation  (tendency  of  bodies  towards  a 

centre),  2. 
Gum  lao,  207. 
Gutta  percha,  207. 

Hair,  207. 

Hair  dyes,  350. 

Heating  powers  of  hydrpgen  gas,  how  in- 
creased, 295. 

Heat,  latent,  1^.      - 

Heat,  degrees  of,  represented  by  Danlell's  and 
Wedgwood's  pyrometer,  162. 

Bemiog's  safety  apparatus  fear  nuAW»  296. 

High^ffessure  atoam,  166, 

Horse-shoe  magnet,  the,  270, 271. 

Hot  liquids  more  pawerful  solvents  than  cold 
ones,  64. 

Howard's  differenitial  thenmometex,  125. 

Human  voice,  idteEation  in,  by  hydrog«n,  298. 

Hydrated  or  hydrous  acid  (aquafortis),  315 ; 
how  prepared,  ib. ;  comhiaation  of,  ib. ; 
uses  of,  318. 

Hydrates  of  soda,  407. 

Hydrated  oxide,  469. 

Hydrochloric  ao&d,  aqueous  solution  of,  357 ; 
tests  for,.  359. 

Hydrocyanic  acid,  398. 

Hydroferrocyanio  acid,  441. 

Hydrogen  (Gr.  udor,  water,  and  gennaoy  I 
generate,— the  water-former),  31;  definition 
of,  287 ;  sources  and  preparation  of,  ib. ; 
sources  of,  268;  experiments,  ib.;  the 
lightest  of  ponderable  bodies,  ib. 

Hydrogen,. properties  of  and  method  of  gene- 
rating, 289;  combustible,  apparatus  for  ex- 
perimosts  with,  291 ;  results  tof  combustion 
of  in  oxygen,  .293;  effects  of  burning  in 
atmospheric  air,  ib. ;  infiumoe  of  platinum 
on,  294;  heat  devieloped,  295  ;  experiments, 
ib. ;  explosive  nature  of  the  mixture  of  with 
oxygen,  ib. ;  relation  of  to  sound,  296 ;  oom- 
binatioiis  of  with  oxygen,  299 

Hydrogen,  combinations  of  sulphur  with,  347. 


Hydrogen,  sulphuretited,  or  hydrosulyhnzic 
acid,  347  ;  general  remarks,  ib. ;  theory  of 
Che  deoomposition,  246 ;  preparatiCKiiy  ib. 

Hydrogen,  or  binary  theory  of  salU*  tke  ad- 
vantage of,  ..390 ;  Aoatnl,  super,  and  sob- 
salts,  400. 

Hydrogen,  Unoxldo  or  peroxide  of,  305 ;  pro- 
duction, manufacture,  chflmical  formnlK, 
&c.,  of,  ib. 

Hydrogen,  hiaulpburet  of,  353. 

Hydrofluoric  acid,  liquid,  370. 

Hydrometer  (a  measure  Ibr  hydrogen),  IL. 

Hydrosulphuric  acid,  347. 

Hydriodic  acid,  solution  of,  363. 

Hypophoephorus  add,  376 ;  preparatioi^  ih. 

Hyposulphuric  acid,  346. 

Hyposulphurous  (Gr.  hupo  under)  acid,  247. 

HypochlorouBJicid,  properties,  &c.  ol^  360. 

Hyposulphites,  properties  of,  347. 

Hypochlorio  acid,  361;  history  and  syao- 
nymes,  lb. ;  preparation^  ih. 

Hyponitrous  acid,  326. 

Hyposulphite  of  silver,  504. 


lee,  207. 

nmenium,  279,  464. 

Imldogen,  334. 

Imponderable  (that  cannot  be  weighedDajfenfts, 

chemistry  of,  67. 
Incandescence  (at  a  white  heat),  243. 
Incandescent  solid  particles,  experiments  with 

294. 
Induced  electricity,  213. 
Inequality  in  the  expansion  of  solid  bodies, 

121. 
Influence  of  mechanical  division  in  pvomotiag 

the  action  of  chemical  afiSLnity,  6:4. 
Inorganic  bodies,  chemistry  of,  278, 
Insolubility,  56, 
Iodic  acid,  868. 
Iodide  of  sUver,  505. 
Iodides  of  mercury,  489. 
Iodide,  366 ;  history,  etymology,  and  genenal 

remarks,  ib. ;  preparation,  367 ;  propertivs, 

ib. 
Iodine  with  oxygen,  comhinaHons  of,  368. 
Iodine  with  nitrogen,  369 ;  preparatioa,  ib. 
Iodine  with  hydrogen,  367 ;  preparatiooiy  ib. ; 

properties,  368. 
Iridium,  weight,  properties,  pEepjuration,  &o., 

515. 
Iridium,  speoifte  h«at  of,  199. 
Ir«Hi(Lat./«mim),  136 ;  specific  gravity,  vei^kt 

and  character  of,  437;  preparation  of  forlorn- 

mercial  purposes,  ib. ;  varieties,  ib. ;  osUdes 

of,  438 ;  protoxide  of,  ib. ;  chlorides  of,  499 ; 

protochjoride  of;  ib. ;  sesquichloride  o4  ib* ; 
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free  from  OEganle  matter  does  not  ^eeom- 

^onkbmatioiu  of  with  phoapbonu,  nHxoig^n, 

pose  whd  exposed  to  the  sun's  bmtp,  604. 

and  cyanpgen,  ib. ;  protooyaiwict  at,  ib. ; 

K 

.  Iron,  teodsDoy.of  tojM  attmcted  by  %  «Mgnet, 

Hagnet,  xotatoiy  motimi  on,  269. 

271. 

Magnetic  effects  of  Voltaic  Eleetidctty,  262. 

Magnetic  chanuster  of  wire,  266. 

.284. 

Magnetic  bMttes,  272 ;  liat  of,  278. 

Jet,  an  fatfolatiBg  body,  S07. 

Mag&etism,  the,  of  the  earth,  277. 

Magnetism, irawtedcienniiie  whether  a  Mine- 

X 

ral  be  endowed  with,  278. 

Kal^genons  m«tal8»  potaAuoin,  ^0;  general 

remarks,  ib. ;  preparation,  ib. 

preparation  of,   nitrate  of,   carbonate  of. 

Eennes mineral,  472. 

phosphates  of,  silicates  of,  &c.,  424. 

Kyanizing  process,  the,  497. 

L 

binatlons  with  oxygen,  428. 

Magnesium  and  ohloiine,  424;  its  prepara- 

Lanthaaiom,  279,  428. 

ticm,  Ac,  ib.;  gonenl  oharaoteristies  dia- 

lAtenthMt,  1«0;  of rteam,  158. 

tinctive  of  magnesian  solutions,  &c.,  425. 

Manganese,  oxides  of,   425.$  .  protoxides  of. 

Law  of  yolomes,  88. 

435;    sesquioxide  of;    ah.;     biaoxide  or 

peroxide  of,  ib. ;  saltsof,  486;  chacaotfidB- 

ticsof,ib.;  red  oxide  o4ib^ 

of,  &c.,  464  et  seq. 

Manganic  acid,  485. 

Lead,  easUy  tenutahes,  465. 

Manometer,  the,  164. 

Lead  salts,  general  characteriaties  of,  468. 

Marble,  186. 

Leather,  207. 

Marine  engines  not  so  subject  as  land  engines 

Leaiie's  air  thenBometer,  124. 

to  explosions,  193 ;  why,  ib. 

Lenses,  theory  of,  71. 

Measure  of  caloric  in  difflBrent  bodies,  154. 

Leydenjar,the,2a6;  difooYoryof,  ib«;  ptin- 

Mechanical  force,  5.7. 

cipleof,ib.;  discharge  of,  228. 

Mechanical  agitatian  fitcilitates  solution,  64. 

Light,  its  action,  properties,  Iftws,  ftc,  67. 

Mdtoni*s  experimento  on  radiant  heat,  103. 

Light  and  poimd,  analogiM  of,  81. 

Melting  points  of  certain  substances,  scale  of. 

162, 163. 

285. 

Mercurial  compounds,  501. 

Mercurial  thermometer,  constfootion  of,  126 ; 

Lime,  snlplwte  of,  420;  earbonate  o^  421; 

method  of  graduating,  127 ;  laws  of,  ib. 

Mercury,  irregularity  of  expansion  in,  128 

eh]onnn«iry,ib. 

gen,  494. 

Lycopodium,  207. 

Mercury,  black  oxide  of,  495. 

Liquidity,  calorie  the  cause  of,  140. 

Mercury,  red  oxide  of,  495. 

Liquids  in  becomiag  solid  pvodnee  heftt,  142. 

Mercury,  properties,  &c.,  of,  ib. 

Liquids,  tendency  to  eraporate,  25. 

Mercury,  nitrates  of,  496. 

Liquid  and  aedform  bodies,  how  they  ooBvey 

Mercury,  sulphate  of  protoxide  of,  496. 

heat.  137. 

Mercury,  subsulphate  of  pnotoxide  of,  496, 

Liqueflable  gases,  number  of,  161. 

Mercury    (quicksilver),  atomic  weight    and 

Linear  expansion  of  soUd  bodies,  118. 

iQMieifio  gravity  of,  493;  physical  relations 

Liquid  tests  for  arsenic,  482. 

of,  properties  of,  &o.,  ib.  et  s^. 

Litmus  paper,  how  prepared,  829. 

Mercury,  chloride  of;  its  preparation,  proper- 

Lunar  caustic  (nitrate  of  sflTer),  used  for 

ties,  uses,  Ac,  497;  unfitted  for  the  pur- 

Tarious  puiposea*  as  the  photogra^k&o  pro. 

poses  of  the  poisoner  on  aooooat  of  nauseous  ' 

' 
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Nitrogen  gas,  physiological  effects  of,  821 ; 

historical  notiee  and  synonymes,  ib. ;  pre- 

paration,  822 ;  properties,  323. 

protoiodide  of,  ib* ;  cyanide  of,  &c.,  ib. ;  sol. 

Nitrogen,  or  azote  (Gr.  a,  and  the  ward  ao0 

phnretsof,  500;  disalphureto  of,  &e.,  ib.; 

life),  history,  807 ;  synonymes,  ib. ;  forms 

general  charaoteristics  of  mercnrial  com- 

underwhieh  it  exists,  ib.;  preparation  of. 

pounds,  501. 

ib. ;  properties,  306 ;  incapacity  to  support 

Mercury,  test  of  the  presence  of,  498 ;  sepa- 

life,ib. 

Non-metaUic,  or  simple  bodies,  test  of,  280. 

or  dicUoride  of  (calomel),  496. 

Norium,  279. 

Metals,  various  expansion  of,  118 ;  relation  of 

Number  of  atoms,  investigation  of,  44. 

to  each  other  in  a  thermo-oleetric  sense,  275. 

MetaUlc  foils,  deflagration  of,  245. 

0 

Mica,  207. 

Olefiant  gas,  42. 

Minute  division  of  bodies  efllected  by  solution, 

Oil  of  vitriol,  manufacture  of,  342  et  seq. 

4. 

Optics,  Newton's  theory  of,  40. 

Moisture  in  gases,  187 ;  correction  for,  ib. ; 

Ordeal  of  fire  explained,  197. 

exemplifications  of  formulffi,  188. 

Orpiment  (yellow  sulphuret  of  arsenic),  479. 

Oscillation,  points  of,  4, 

Molybdenum,  binoxide  of,  486. 

Osmio  acid,  514. 

Molybdic  acid,  preparation  and  properties  of. 

Osmium,  279. 

486. 

Osmium  (Gr.  oame,  smell),  properties,  com- 

pounds, &c.,  518;  symbols,  514. 

Molybdenum,  specific  heat  of,  199. 

Osmite  of  potash,  514. 

Monosulphuret  of  potassium,  406 ;  preparation 

Oxides  of  osmium,  514. 

and  properties,  407. 

Oxide  of  sUyer,  502. 

Motion  of  free  calorie,  132. 

Oxide  of  phitinum,  511. 

Movement  of  caloric  by  radiation,  101 . 

Outsidedness  of  Electricity  proved,  225;   by 

Mustard,  why  it  blackens  sUver,  502. 

experiments,  ib. 

Oxides  of  antimony,  Ust  of,  470. 

M 

Oxide  of  antimony,  preparation  and  proper- 

Native sulphuret,  472. 

ties  of,  470. 

Nature  of  electricity,  217. 

Oxide  of  arsenic,  white,  477. 

Oxides  of  bismuth,  composition  of,  468. 

Neutralization,  an  eflBect  of  chemical  affinity, 

Oxides  of  lead,  465. 

61. 

Oxyhydrogen  light,  the,  297,  298. 

New  properties  of  bodies  evolved  in  chemi^ml 

combination,  65. 

rate),  31 ;  origin  of  the  name,  281 ;  forms  in 

Neutral  acetate  of  lead,  467. 

which  it  exists,  ib.;  preparation  of,  ib.; 

Nickel,  melting  point,  163. 

experiments  with,  283 ;  formulae  fbr,  ib. ; 

Nickel  (false  copper),  450 ;  gravity,  prepara- 

combustion of,  285;  results  of  oombustion 

tion,  and  properties  of,  451;  protoxide  of; 

of,  286. 

ib.;  sesquioxide of,  452 ;  alloys  of, ib. 

Oxygen,  combinations  of  carbon  with,  384. 

Niobium,  279,  464. 

Oxygen,  compounds  of  potassium  with,  402 ; 

Nitrate  of  lead,  467. 

protoxide,  ib. ;  preparation,  ib, 

Nitrate  of  bismuth,  neutral^  469. 

Oxygen,   totel  quantity  required  daily  for 

Nitrate  of  silver,  503. 

Nitrohydrochloric  acid,  359. 

Oxygen  and  nitrogen,  combinations  of,  314. 

tion,  ib. ;  properties,  327. 

Oxygen,  combinations  of  bromine  with,  366 ; 

Nitre  {Gt.  nUron;  Lat.  nitnm),  crystals  of. 

preparation,  ib. 

23. 

Ozone,  definition  of,  286 ;  method  of  prepar- 

ing, ib. 

fortis,  315;  nature  of  real,  ib. ;  combination 

P 

with,  ib. ;   compounds  of,  316;   chemical 

Paintings  in  oU  restored  by  tiie  use  of  perox- 

qualities  and  characteristics  of,  ib. ;  com- 

ide of  hydrogen,  306.                               / 

position  of  demonstrated,  317 ;  quantitative 

Palhidium,  atomic  weight  and  speoifio  gravity. 
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origin,  properties,  uses  and  eombinations, 
515. 
Parallel  eleetrio  currents,  effects  of,  267. 
Parchment,  209. 

Parian  (a  peculiar  kind  of  porcelain),  431. 
Particles,  meaning  of  the  term,  2. 
Pendulum,  the,  116. 
Penetrating  power  of  electricity,  222. 
Pelopium,  i64. 
Perchlorate  of  potash,  863. 
Perehloride  of  phosphorus,  878 ;  preparation, 

lb.;  properties, ib. 
Perchloric  add,  862;  history  and  general  re- 

niarks,  lb.;  preparation,  ib. 
Perohromic  acid,  preparation  and  properties, 

449. 
Periodic  acid,  868. 
Permanganic  acid,  434. 
Peroxide  of  biumuth,  469. 
Peroside  of  nitrogen  (nitrous  oxide ;  laugh- 
ing ffu),  819;    synonymes,  preparation, 
properties,  analyris,  et  seq. 
Peroxide  of  rilver,  502. 
Pentachloride  of  antimony,  474. 
Phoqihate  (the  combination  of  phosphoric 
add  with  different  bases)  of  soda  and  ammo- 
nia, 411 ;  preparation,  ib. 
Phosj^oric  add,  87,  878. 
Phosphorus,  871;  history,  preparation,  and 

properties,  872 ;  allotrofdc  condition,  ib. 
Phosphorus,  combination  of,  with  oxygen 
878;  with  hydrogen,  876;  with  nitrogen, 
877 ;  with  chlorine,  ib.;  with  sulphur,  878. 
Phosphorus,  oxide  of,  876. 
Phosphorus,  combustion  of,  in  oxygen,  284. 
Phosphorous  add,  875 ;  general  remarks,  ib. ; 

preparation,  ib. 
Photography  (writing  by  light),  the  Tarious 

processes  described,  87.4M. 
Physieal  properties  of  lead,  465. 
Pith-balls,  experiments  with,  207. 
Pinchbeck,  492. 
PUtinum,  186, 168. 

Platinum  {pUUina,  the  diminutire  t)l  plata, 
little  silTer),  510;  properties,  preparation, 
and  combinations,  ftc,  of,  ib.,  et  seq. 
PlumMo  add,  466. 
Pdsoning  by  arsenic,  caaes  of,  480 ;  treatment 

proper,  ib. 
Poisoning  by  salts  of  copper,  remedy  for,  497. 
Polarintion  of  radiant  heat,  104. 
Polarised  light,  interference  of,  7C,  81. 
Ponderable  bodies  (those  which  may  be  asoer- 
talned  by  weight),  suseeptibiUty  of,  to  mag- 
netie  inflnenoes,  272. 
Porcelain,  oonducting  power  of,  186. 
Potassium  and  potash,  oombinatkns  oi;  415; 
preparation,  402. 


Potash,  salts  of,  404;  neutral,  or  m<»ocar. 
bonate  of,  ib. ;  nitrate  of,  ib. ;  bicarbonate 
and  sesquicarbonate  of,  ib.;  artificial  pro- 
duction of,  405;  sulphate  of,  ib.;  chlorate 
of,  ib^ ;  perchlorate  of,  408. 

Potash  and  soda,  general  remarks  on,  and  the 
salts  of  true  alkaline  metals,  414. 

Potassium,  combustion  of  in  oxygen,  285. 

Potasdum,  sulphurets  or  sulphides  of,  406. 

Practical  application  of  crystallography,  22. 

Preservation  of  wood,  cordage,  &c.  (the  Eya- 
nidng  process)  due  to  bichloride  of  mer- 
cury,  497. 

Primary  atoms,  2. 

Prindple  of  Mr.  Kirwan's  theory  of  affinity, 
60. 

Progressive  dUitation  of  solid  bodies,  120. 

Property  of  all  acetates  of  lead  to  combine 
with  vegetable  colouring  matters,  467. . 

Proportion  of  water  in  various  bodies,  500. 

Proportions  in  which  bodies  combine,  80. 

Protoohloride  of  phosphorus,  378;  prepara- 
tion, ib. ;  properties,  ib. 

Protoxide  of  lead,  its  preparation  and  proper, 
ties,  466. 

Protoxide  of  platinum,  511. 

Protoxide  of  diver,  502. 

Protoxide  of  uranium,  483. 

Prussian-blue,  various  kinds,  formuUe,  444. 

Pyrometers  (fire  measurer),  the,  of  Wedg- 
wood, 119;  and  Professor  Daniell,  120. 

Powder  of  Algaroth,  474. 


Quantitative  determination  of  nitric  add,  811. 
Quartz,  melting  point  of,  163. 
Quickdlver,  498. 

B 

Badiant  heat,  102 ;  Mdloni's  experiments  on, 
108. 

Batio»Li  which  oxygen  and  hydrogen  com- 
bine, 81. 

Baumer  and  Fahrenheit's  thermometers,  181. 

Reason  why  metallic  bodies  are  conductors, 
207 ;  experiments  in  proof,  206. 

Aealgar  (red  sulphuret  of  arsenic),  479. 

Seceivers  for  gas,  178;  various  kinds  of,  179 
etseq. 

Sedproeal  deoompodtion,  55. 

Eefractive  power  of  phosphorus,  71. 

Kefraction,  double,  75;  of  heat,  105. 

Befraotionoflight,67. 

Befraetion  of  calorie,  188. 

Befrigtration,  Newton*s  law  o^  100. 

Begulus  of  antimony,  470. 

Bdnsoh's  test  for  arsenic,  481. 

Bdation  of  thermometric  degrees,  132. 
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Relitiiv^^igbta  of  tedlei,  4^. 

B«mo^«l  of  nitpogen  from  gaseoiu  ndxtnw, 

how  to  elftct,  309. 
Rhodimn,  516. 
Birer-water  not  injared  fry  being*  eanrfed  iii 

leaden  pipes,  486» 
Bock  oil,  boiHng  point  of,  16S. 
Rotatory  motion  ontbe  nutgnet,  269.' 
Ruthenlam,  516. 


Salt  and  snow,  a  freecfaig  miztsxs  fnm  tiieir 
combination,  141. 

Salts  of  bismuth,  469. 

Salts  containing  peotozide  of  lead  as  baMy.4Mi 

Salts  of  the  oxides  of  uranium,  483. 

Salts  of  platinum,  613. 

Satontion  and  neutralination  ilBisttated,-  63^ 

Scales,  f  anetioBS  of  a  pair  of,  3. 

Scales  of  thermometrie  gratbutioin  j  130«. . 

Soheelium,  4M. 

Seheele's  green,  476, 490. 

Selenium,  boiling  point  of,.  168,  853 ;  his«or^ 
md  natural  history,  ib. . 

Sesquioxide,  37. 

Sesquioxide  of  uranimn,  48S. 

Sesquisalts  of  uranium,  48S.. 

SUk,  207. 

Silicon,  380;  preparation- aad  pfopsrtieB,  S81:« 

SUver  absolutely  pure  a  soft  metal,  909$ 
readily  dusohred  by  nitric  acidy  ib. 

Silver,  137 ;  atomic  weight  and  specific  gra^  • 
Tity  of,  501 ;  general  characteristics,  &c., 
of,  ib.;  oxides  of,  502^  suboxides  of,  ib.; 
protoxide  of*  ib. ;  peroxide,  of,,  ib..;  lutrate 
of,  503 ;  sulphate  of,  504;  curbonateof,  ib.; 
acetate  of,  ib.;  hyposulphate of, ib..;  com- 
binations of,  ib.  etseq. 

Simple  atoms,  2. 

Simple  or  elementary  bodies,  elassifieatioa  of, 
279. 

Simple  gases  aad  yapours,  table  of,  167 ;  oom«- 
pound  combustibles,  ib. ;  oxides,  ib. ;  acids, 
ib. 

Single  elfiotiTe  affinity  illustrated^  66. 

Soda  (a  mineral  aUutli),   scAphates  of,  ^)8; 
sulphites  of,  ib. ;  bisulphite  of,  ib. ;  monob- 
erolphites,  409 ;  hyposolphite  of,  ib. ;  pro- 
perties, ib. 

Soda,  carbonates  of,  409;  neutral  carbonate 
of,  ib. 

Soda,  phosphates  of;  410;  first  or  or^nory 
tribasic  phosphate  of,  V». ;  seeond  tribcsic 
phosphate  of,  ib. ;  third  tribasic  phosphate 
of,  ib. ;  bU»8io  pbosphate  ot,  ib. ;  tmoom- 
basic  phosphate  of,.411. 

Sodium,  407  ;  geniMftl  remariop^  ibi ;  prepare 
tion,  ib. ;  pix^eetles,^  ib. 


Sodfur  Sttd  soda,  eomMmtions  of,  411. 
Solid  bodies,  conducting  powers  of,  137. 
Solubility  of*  oxygen  «nd  nitf(^en  gases  in* 

water,  311. 
Solution,  13. 

Specific  grayityj  meaning  of,  method  of  taUng, 
5;  of  steam,  152;  of  caloric,  196;  of  heat 

compared  with  atoms,  198;  ofgasss,  I'99. 
Specific  grayity  of  gases,  how  obtaineti^  1€9 ; 

explanation  of  processes,  170  tftseq. 
Spennaeelf ,  14£. 
Spherical  and  chromatic  aberratlon^f  lightj 

72. 
Spheroidal  effects- of  ealbrlc,  189 ;  withyajions 

fixperiments  on,  et  seq. 
Spheroidal  water,  evaporating  point  of,  194. 
Spontaneous  evaporation,  147. 
Standard  silver,  composition  of,  505. 
Steam,  properties  of,  144 ;  density  of,  149: 
Steam,  specific  gravity  of,  152. 
Steam,  latent  liest  of^  153.^ 
Steam,  elasticity  of,  160. 
Steel,  melting  point  of,  168; 
Still,  the,  302 ;  theory  of  distHlation,  lb. 
Stonework,  431. 
Strontium  {fema.  BtrtmHam,  in  Scotlnnd),  49"; 

definition  of,  418 ;  preparatfion,  propertle?, 

compounds  of  with  oxygen,  pTT>toxid&  of 

Strontium,  or  Sttontla,  ibi 
Subaoetates,  or  basic  acetates  ef  lead,  467. 
Suboxldlo'of  lead,  465. 
Suboxide  of  silver,  502. 
Sugar,  means  of  purifying*,  467'. 
Sulphate  of  copper,  489. 
Sulphate  of  lead,  its  preparation,  properties, 

fte.,  466i 
Sulphate  of  silver,  504. 
Sulphides  of  gold,  568. 
Sulphides  of  silver,  504. 
Sulphoantimonic  acid,  478;  may  be  dfeeom*' 

posed  by  heating  in  contiiet  witii  hydrogen 

gas,  478. 
Sulphur,  141, 335 ;  general  notice,  ib;;  allbtro- 

pic,  336 ;   combinations  of  with  oxjrgen, 

887. 
Sulphur,  the  remainingoxygen  compoonds  of, 

347. 
Sulphur  with  carbon  (sulphunet  of  effirbon), 

391 ;  preparation  and  properties  of,  ib. 
Sulphuret  of  antimony,  472. 
Sulphurets  of  a;rsenic,  479i 
Sulphurets,  prodnetlon  of,  851. 
Sulphurets  of  sodium,  4Ili 
Sulphuric  aeid,  32;  propeftiteaBd  prepanktltm 

of,  341 ;  monohydrate  of,  842 ;  chemical 

method  of  determinatfbn  and  analysis,  344 ; 

experiments  wftSij  3f5<k 
Sulphurous  aeid,  338;  general  i«knaik#on(  ib&; 
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preparation,  ib.;  general  properties  of,  889 ; 
determination  of  the  composition  of,  846. 

Sun-pictures  (photography),  87-96. 

Surfaces,  the  natural  home  of  eleotricity,  224. 

Symbolical  contractions  for  the  name»  of  ele- 
mentary bodies,  29. 

Synthesis  (the  opposite  of  analyfds),  28. 


Tantalum  or  tantalium  (a  metal  insoluble  in 

adds),  464. 
Tellurium,  specific  heat  of,  199. 
Tellurium,  equivalent  or  atomie  weight,  and 
spedfio  gravity  of,  475 ;  occurs  in  associa- 
tion  with  bismuth,  gold,  silver,  or  lead,  475 ; 
propertiM  of,  476. 
Terblnmv  438.. 

Terchloride  of  antimony,  474;  its  prepetUes^ 

&c.,  474. 
Tests  for  arsenic,  480. 

Terrigenous  metals,  history,  properties,  and 
preparation  of,  466. 

Theories,  various,  of  voltaic  action,  257. 

Theory  of  Berzelius,  46. 

Theory  of  the  balance  illustrated,  2. 

Thermal  dilatation  of  liquids,  108. 

Thermometer  (Gr.  therme  warmth,  and  metron 
a  measure),  the,  119;  construction  of  founded 
on  the  principle  of  expansion,  123, 126  etseq. 

Thermo  electricity,  275 ;  laws  of,  277;  experi- 
ments, ib. 

Theta-antimonic  acid,  471. 

Thorium,  428. 

Tin,  136, 141 ;  atomic  weight  and^  specific  gra- 
vity, history  and  properties,  459. 

Tin,  preparation  and  combinations,  460  et  seq. 

Tinned  copper,  492. 

Titanium  (a  brittle  and  refractory  metal), 
atomic  weight  land  specific  gravity,  462  ; 
preparation,  properties,  and  combinations, 
368  et  seq. 

Transference  of  gases  from  one  vessel  to  ano- 
ther, 185. 

Toxicological  chemistry,  481. 

Toxicological  knowledge  valuable,  480. 

Transference  of  electricity,  experiments  in, 
215. 

Turpentine,  oil  of,  boiling'point  of,  163. 

Tungsten,  485. 

Tungsten,  specific  heat  of,  199. 

Tungsten,  binoxide  of,  485. 

Timgstic  add,  485. 


Ultimate  analysis,  28. 

Ultimate  partides,7Newton  on,  40. 

Undulatory  theory,  the,  79. 


Unit  of  speeiflc  gravity,  9. 

Uranium,  equivulent  or  atomic  weight  and 
spedfio  gravity  of,  488 ;  chiefly  found  in  two 
minerals,  pitch-blende  and  uranite,  ib. ; 
development  or  preparation  of,  ib. ;  com- 
binations of,  ib. 

Uranium,  protoxide  of,  483. 

Uranium,  sesquioxide  of,  483. 

Uraniimi,  salts  of  the  oxide  of,  483. 

Uranium,  sesquisalts  of,  489. 


Vacuum  pan,  the,  159. 
Vanadium,  279. 
Vanadium,  binoxide  of,  486. 
Vanadium,  combinations  of,  486. 
Vanadium,   preparation,     properties,     com- 
pounds, &c.,  of,  486. 
Vanadium,  protoxide  of,  466. 
Vapour,  caused  by  caloric,  143. 
Vapour,  force  of,  in  relation  to  temperature, 

149. 
Vapour,  force  of,  how  it  varies  at  the  same 

temperature,  149. 
Vaporization,  process  of,  26. 
Vapours,  table  of  latent  heat  of,  150. 
Vaporization  under  pressure,  157. 
Velocity  of  Ught,  79. 
Verdigris,  distiUed,  491. 
Vermilion,  500. 
Vitriol,  oil  of,  342  et  seq. 
Vitriol,  oil  of,  boiling  point  of,  163. 
Vitrification,  207. 
Volta,  theory  of,  241. 
Voltaic  action,  theories  of,  257;  different  forms 

of,  258;   combination,  different  forms  of, 

259  et  seq. 
Voltaic,  decomposition,  chemical  proportion- 
ality of,  253. 
Voltaic  combinations,  Faraday's  modifications 

of  the  polar  theory  of,  250. 
Voltaic  battery,  the,  259;  various  forms  of, 

ib.  et  seq. 
Voltaic  electricity,  effects  of,  243. 
Voltaic  combinations,  simple  and  compound, 

241. 
Volta*s  compound  pile,  242. 
Voltameter,  the,  254. 
Volumes,  law  of,  38. 

W 

Water, 36 ;  its  importance,' 299 ;  distribution 
throughout  the  world,  ib.  ;  purity,  ib.  ; 
composition,  300 ;  absolutely  pure,  fatal  to 
aquatic  animals,  and  unpalatable,  ib.;  chaly- 
beate and  other  mineral,  ib.;  saline,  ib. ; 
method^.of  testing  the  purity  of,  801 ;  pure 
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or  distilled,  method  of  obtaining,  principle 

of  distillation,   liebig's    apparatus,  SOS  ; 

maximnm  density  of,  S04 ;  temperature  at 

which  it  assumes  its  ordinary  density,  ib. ; 

expansive  force  of,  ib. ;  crystallized  (ice) 

forms  oi  crystals  of,  805. 
Water,  the  standard  of  specific  gravity,  5. 
vWater,  composition  of,  SI. 
Water,  conducting  power  of,  138. 
Water,  the  boiUng  point  of,  14S. 
Water,  conversion  of  into  steam,  152. 
Water,  how  to  boil,  without  moistening  the 

vessel  containing  it,  191. 
Water  in  a  spheroidal  state,  192. 
Water,  expansion  and  contraction  of,  123. 
Water,  decomposition  of,  248. 
Water  absolutely  pure  will  not  dissolve  lead, 

465. 
Wax,  melting  point  of,  162. 
WeatherH^lass,  the,  313. 


Weighing,  operation  of,  3. 

When  bodies  in  a  state  of  solution  do  not  act 
on  each  other,  65. 

White  arsenic,  477. 

White  lead,  468. 

White  precipitate,  499. 

Wolframium,  485. 

Wood,  207. 

World,  the,  without  oxygen,  what  it  would  be, 
281. 

T 

Yellow  or  muscovado  sugar,  467. 

Yttrium,  279,  428. 

Ytto-tantaUte,  464. 

Z 

Zinc,  1S6, 141 ;  atomic  weight  and  spedfic  gra- 
vity  of,  455 ;  history,  production^  and  com- 
binations, 456  et  seq. 

Zirconium,  428. 
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